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ABSTRACT 
Historic, contemporary, and future habitats were com.pared in a six-county area in 
central Iowa. General Land Office survey data were used as a source for the historic habitat. 
Contemporary habitat was represented using a classified satellite image com.piled by the 
USGS-EROS Data Center. Future habitat was modeled using historic cultural maps, soils 
maps, aerial photographs, and the Clarke Urban Growth Model. Transformation of non-
urban land cover to urban land cover was modeled through four growth scenarios for each of 
six urban locations in the study area. 
FRAGSTATS was used to describe landscape characteristics of the historic, 
contemporary and future growth scenarios for each of the six urban areas. Future habitat for 
the year 2050 was modeled using the four scenarios: trend growth, directed growth, zoned 
growth, and conservation growth. Landscape and class level indices were used to 
characterize the habitat for each period in time. 
Changes in the amount of habitat were greatest between the historic (1850s) and 
contemporary (1999) landscapes. In contrast, differences in the amounts of habitat were least 
between the contemporary and future (2050) landscapes. For each urban area there were few 
differences between the habitats modeled with the four growth scenarios. There were only 
slight differences between the mean edge contrast and mean patch size when com.paring 
contemporary and future landscapes. Changes were related to the proximity of a habitat class 
to the expanding peripheral edge of the urban area and the rate of urban growth. The total 
amount of urban growth predicted for the six areas studied ranged from. 44 hectares to 1710 
hectares between the years 1999 and 2050. 
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CHAPTER 1. INTRODUCTION 
Introduction 
Iowa has gone through a series of landscape level changes since statehood in 1846. 
The first transformation was one from vast expanses of prairies to a state dominated by 
agriculture. More recently, the remaining natural areas of the state and rural agricultural areas 
have come under new pressures from increased population growth in many of Iowa's urban 
centers (Iowa Department of Natural Resources 2000). 
The overall goal of this research was to explore the current extent of land 
transformation, particularly the effects of urban development on wildlife habitat and 
biodiversity within the Iowa landscape. The process of habitat fragmentation within Iowa has 
occurred for the most part with the conversion of grasslands and forests to agricultural lands. 
However, as population pressures increase, areas currently in a state of natural vegetation are 
subjected to many pressures that could result in further habitat change within these areas. 
Lack of long-term natural resource planning by cities and counties and the tools to evaluate 
the impact of planning decisions on the remaining natural areas in the state could result in 
.further habitat change in the state. Additionally, this research examined possible future 
scenarios and how natural areas may be affected under these scenarios. · 
Statement of the problem 
Continued expansion of Iowa's urban areas invokes a land transformation process that 
affects the quantity and quality of wildlife habitat within the state. The direct loss of habitat 
or the fragmentation of habitat has been implicated as the number one cause of biodiversity 
loss (Wilcox and Murphy 1985). Habitat fragmentation and other land use change is often 
• 
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because of decisions made by landowners, planners, and developers who lack both an overall 
understanding of the landscape at a regional or landscape scale and decision analysis tools 
which address the causes and prevention of land transformation processes affecting habitat. 
Methods of evaluating long term trends in urbanization in relation to existing natural areas 
also contribute to the lack of understanding of habitat change within spatial and temporal 
contexts. 
Objectives 
The overall goal for this research was to incorporate landscape ecology concepts into 
a framework that evaluates the impacts of future landscape change from a conservation 
perspective. Specifically the objective were: 
1. identify and compare the trends in past, contemporary and future habitat change 
within the landscape; 
2. evaluate the effects future urban development may have on existing natural areas; 
3. utilize landscape ecology indices to characterize, compare and evaluate past, 
present and future landscapes; 
4. provide a method for quantifying the effects of land management decisions that 
directly and indirectly involve habitat and biodiversity elements within the 
landscape. 
Hypotheses 
Several hypotheses were developed for this research. The first hypothesis says that 
habitat loss and fragmentation in Iowa has occurred historically. The second hypothesis states 
that changes to habitat will continue with future development and increased urban growth. 
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The third hypothesis is that knowledge of existing habitat and development patterns 
combined with future growth predictors can minimize future habitat loss and fragmentation. 
Delimitations 
This study was limited to six counties in Central Iowa: Boone, Hamilton, Hardin, 
Marshall, Story and Webster. Future scenarios generated within this research may not reflect 
actual future landscape patterns but express generalities related to habitat change under 
certain conditions to the year 2050. 
Definitions of terms 
Biodiversity. The variety of life forms, especially the number of species, but including 
the number of ecosystem types and genetic variation within species (Forman 1995, Noss and 
O'Connell 1992). 
Habitat. The area where a species lives, or including the conditions within the 
ecosystem such as surface features, climate, vegetation, and other organisms (Forman 1995). 
Habitat fragmentation. Habitat fragmentation is the conversion of selected areas of 
natural vegetation to areas of human activity, such as residential areas, agricultural and 
resource extraction areas. Fragmentation involves the reduction of total area of particular land 
cover types and the scattering of residual land cover formations within a mosaic of which the 
remaining individual elements are disjointed (Lauga and Joachim 1992). This process results 
in the reduction in area used by animal species, loss of connectivity and isolation of natural 
habitats (Forman 1995). 
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Land transformation. Change to the landscape. In particular, this applies to human 
induced changes to land cover or land use resulting from urbanization, agriculture, or 
resource extraction (Kirtland and others 1996). 
Natural vegetation. Natural vegetation includes the naturally occurring plant 
communities that exist or have existed in an area; also, the plant species composition and 
cover of an area not planted by humans (Forman 1995). 
Regional. Regional, in this sense, is an area of continuous vegetation, which could be 
bounded by a line defined by topography, existing urban areas, or landform, or macroclimate 
(Forman 1995). 
Planners. Individuals who provide a framework for addressing change in rural and 
urban environments. Planners include all professionals who make decisions concerning land 
use, including city planners, engineers, landscape architects, architects, regional planners and 
conservation technicians (American Planning Association 2000). 
Urbanization. The replacement of undeveloped land, open space a11d natural 
vegetation land by residential and commercial development; the conversion of land from a 
rural or undeveloped state (U.S. Geological Survey 1999). 
Geographic information system (GIS). A combination of people, methods, 
data, and equipment to acquire, store, analyze, and communicate spatial data for decision-
making (Anderson 1980, p. 51); a powerful set of tools for collecting, storing, retrieving at 
will, transforming and displaying spatial data from the real world for a particular set of 
purposes (Burrough and McDonnell 1998, p. 11). 
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Assumptions 
There were several assumptions made in this research. The first assumption was that 
changes to habitat and biodiversity are occurring because of human-induced land 
transformation. The second assumption was that there is a need for an analysis of habitat at a 
landscape and regional level. The third assumption was that there is a need for a method of 
assessment that addresses habitat modification on a landscape and regional level. The fourth 
assumption is that urban growth in Iowa can adequately be predicted for land planning 
purposes using GIS data and an urban growth model. 
Importance of the study 
Like much of the Great Plains region, naturally occurring ecosystems in Iowa have 
been reduced dramatically in area by agricultural practices and other development practices 
since settlement began in the mid 1800's (Johnson and others 1994). The remaining large 
tracts of natural vegetation occur along many of the major waterways, and.regionally in 
western and northeastern Iowa. Poorly planned or unplanned urbanization, rural 
development, and agriculture expansion within these remaining areas is occurring, which 
result in further habitat fragmentation. An analysis of the current habitat abundance and 
biodiversity in relation to land use patterns is a step in addressing issues related to land use 
planning and biodiversity (Kirtland and others 1996, White and others 1997). 
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CHAPTER 2. LITERATURE REVIEW 
Introduction and chapter overview 
This chapter reviews literature in the areas related to my research and closely follows 
the framework used to complete it. The first section, landscape dynamics and land use 
change, briefly describes land use change in the Midwestern U.S. and Iowa. Section two 
relates some of the agricultural and urban land use changes to land cover changes and the 
implications these changes have on habitat. Modeling changes to the landscape are presented 
in sections three and four. Urban growth modeling is the subject of the third section and 
predictive modeling for future landscapes is the topic of section four. Finally, section five 
introduces the topic of landscape ecology and related measures, which could potentially be 
used as descriptors of land cover and general habitat in past, contemporary and future 
landscapes. 
Landscape dynamics and land use change 
Agriculture 
Iowa, like much of the Midwest, has undergone a great transformation during the 
interval from Euro-American settlement to the present. The transformation is probably most 
noticeable when examining the shift in the land cover from prairie ecosystems to one 
dominated by agricultural lands. Ninety-six percent of the land defined as the northern Great 
Plains, in which Iowa is located, is managed for maximum profitability by private land 
owners (Johnson 1994). A similar account of agriculture in the Midwest by Mankin and 
Warner (1997) states that the current land in row-crop production (44 percent) nearly doubled 
during the period 1910-1950. In areas such as Iowa, the remaining remnants of these great 
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ecosystems are held in a variety of public and private land ownership, with small patches of 
natural vegetation among areas primarily managed for intensive agriculture. 
Urbanization 
Traditionally, rural areas in all regions of the world have been utilized for farming 
practices. Over time, centralized urban areas grew out of necessity, industrialization, resource 
extraction or a combination of all (Burnley and Murphy 1995). The mosaic of land cover, in 
outlying rural areas, is subject to a variety of transformational processes including the 
conversion of agricultural fields and naturally vegetated open spaces to residential and 
industrial areas. Most notable is the existence of the urban-rural interface which faces some 
of the most dramatic changes in the American landscape. The urban-rural fringe is being 
developed in response to increases of population, increased standards of living, cost of land, 
expanding infrastructure, and a desire by people to be closer to the "rural character" (Burnley 
and Murphy 1995, Holden and Turner 1997, Sullivan 1994). The willingness to commute 
longer distances and the enhancement of transportation routes has also added to the 
development of the urban fringe (Greenburg and Bradley 1997, Burnley and Murphy 1995). 
In Iowa, this development could be considered a second human-induced 
transformation, the first being intensive agriculture. This second transformation has many 
serious cultural and ecological impacts on an area that has traditionally maintained low-
density populations and a rural characterization. Development of the urban-rural fringe and 
the areas beyond impact a variety of important elements on which humans depend and 
cherish and other organisms depend (Sullivan 1994). Vegetation plays an important role in 
maintaining hydrologic functions, soil stability, and maintenance of biological diversity 
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(Rodiek and DelGiudice 1994). Removal of both natural vegetation and agricultural crops 
decreases the natural components important to both of these functions. Specifically, decisions 
which replace both of these types of vegetation with more urban-oriented land uses reduces 
biological diversity by eliminating potential habitat sites used by many organisms. 
Habitat modification 
The most important cause of species loss and a resultant decline in species diversity is 
the loss of habitat (Wilcox and Murphy 1986). McIntyre and Hobbs (1999) describe a 
continuum consisting of four degrees of habitat modification ranging from unmodified to 
destroyed habitat. Relatively rapid human induced vegetation shifts can be termed a broad 
scale habitat modification, resulting in a highly modified or fragmented landscape (McIntyre 
and Hobbs 1999). After initial broad scale habitat modification the habitats that remain 
become increasingly fragmented into areas of natural vegetation surrounded by land modified 
for human use (O'Neill and others 1997). Forman (1995) states that within a landscape, 
fragmentation causes an increase of patches, and an increased distance between patches and 
corridors. Fragmentation also causes a decrease in patch size, maximum size of the corridor, 
and total interior area. Fragmentation has been implicated as a major cause in the decline of 
biological diversity in many terrestrial ecosystems (Saunders and others 1991). This process 
of habitat destruction is the primary cause of the loss of biological diversity on this planet and 
is primarily attributed to increases in human population (Ehrlich 1988, Collinge 1996). 
The replacement of natural vegetation by both agricultural and urban land uses has 
left the landscape a patchwork of various land uses. In the U.S., a mosaic of agriculture, 
urban, and natural vegetation has replaced what was originally natural vegetation. The oak-
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hickory forests and prairie, which dominated the Midwestern landscape prior to the Public 
Land Survey of the mid- l 800s bear only a slight resemblance to the former landscape, with 
only a few areas remaining in an undisturbed condition (Ebinger 1997). The major actions 
held accountable for these findings were increases of urban development that altered the 
vegetation within the patch core and surrounding edge. 
Alteration of natural ecosystems has greatly affected wildlife populations including 
many of the large mammals whose former ranges included the Midwest (Dinsmore 1994). 
Fragmentation of forest and grassland communities has been implicated in diminished 
populations of migratory birds and having a negative effect on breeding bird populations 
(Johnson and others 1994, Robinson and others 1997). Nilon and others (1995) found that the 
development of rural landscapes, which included both low-density housing, agricultural and 
natural vegetation, affected the abundance and composition of bird species within the 
landscape. Lauga and Joachim (1992) found that as forest fragmentation increased, the 
expected abundance of forest dependent bird species decreased. In the Midwest and the Great 
Plains Region, wetland ecosystems have been substantially diminished, rivers have been 
dammed affecting riparian communities, forested areas being fragmented, and the 
replacement of prairie with agriculture has occurred (Johnson and others 1994). In riparian 
wetlands in Minnesota, Mensing and others (1998) reported that bird diversity decreases as 
cultivation increases in the landscape, and increases with the amount and proximity of forest 
within the landscape. 
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Urban growth modeling 
Urban growth modeling is a land-planning tool that has been more commonly 
explored in recent years. A variety of techniques for visualizing urban growth that include 
gathering historic urban and road data, have been outlined by Acevedo and Masouka (1997), 
and Masouka and others (1996). Logistic regression has also been used to assess the 
likelihood that an area in the urban periphery is developed or will be developed (McMillen 
1989). Several researchers have used multivariate statistical analysis techniques in 
conjunction with cellular automaton techniques and a GIS to predict future urban growth 
(Clarke and others 1996, Kirtland and others 1996, Wu 1998). Mitas and others (1997) use a 
technique of multivariate analysis to examine spatio-temporal land cover processes that could 
be extended to urban modeling. Clarke (1997) developed a cellular automaton based urban 
growth model (UGM) that is calibrated with historic urban extent data and other growth 
related parameters to predict future urban growth. 
Predictive modeling of future landscape possibilities 
In contrast to descriptive modeling, predictive modeling examines the questions of 
'what could be' or 'what will be' and "prescriptive modeling must be able to describe 
variation in a particular geographic quality as a function of existing site conditions and site 
modifications" (Tomlin 1990, p 199). One form of predictive modeling is described by 
Aspinall (1993), which attempts to predict the likely effects of land use policy on landscape 
change. Several projects have attempted to address the future possibilities of a regional 
landscape by conceptualizing future landscapes involving low and high conservation 
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management, current urban growth trends, and high and low population growth (White and 
others 1997, Steinitz and others 1994, Steinitz and others 1996). 
Measuring habitat modification 
Descriptive modeling of land cover and habitat 
Descriptive modeling attempts to describe, "what is" or what could be (Tomlin 1990). 
Burrough (1986) describes cartographic modeling techniques as applied to land use 
suitability which includes many geographic layers including soil types, topographic data, 
surface water, and human built components of the landscapes. Tomlin (1990) presents 
cartographic modeling as one use of a GIS. Models provide an insight and mechanism to 
present landscape characteristics and future trends within a landscape. 
One of the problems associated with the measurement of land use change and habitat 
fragmentation is historical data to measure progressive habitat change over time. For the 
Midwest, one historical data source is General Land Office (GLO) records. This source 
includes general descriptions of Iowa vegetation during the period 1832 to 1859. Anderson 
(1996) used GLO surveyor notes and maps to create a historic vegetation map of Iowa 
representing the land cover during the period from 1832 to 1859. White and others (1996) 
cross-referenced GLO descriptions of vegetation in Oregon to present day habitat classes to 
create a species-habitat association map. 
Documentation of general shifts in land use and of habitat fragmentation may be 
accomplished in a similar manner. Other studies across the United States have used historical 
vegetation data in the examination of landscape scale vegetation changes (Foster 1992, Foster 
and Golodetz 1997, Foster and others 1992, Andersen and others 1996, White and others 
12 
1997). Examination of a series of aerial photos can also provide a simple temporal analysis of 
land use change. Aerial photographs for most areas in the Midwest are available beginning in 
the mid 1930's. Using a simple method of outlining homogenous land use types, either on 
Mylar or integrated with a computer based GIS, an analysis of land use shifts over time can 
be examined (Davidson 1986, Forman 1995, Acevedo and others 1996). Land use 
information can also be accessed by processing remotely sensed data from satellites to 
differentiate between areas of differing vegetation and areas that lack vegetation (Martinez-
Falero and Gonzalez-Alonso 1995). 
Other models such as those proposed by Forester and McKendry (1996) present a 
conceptual model based on social and economic forces, human use of resources, ecosystem 
impacts, and biodiversity loss to examine human impacts on biodiversity. This model 
co))lbined with a GIS can provide insight to "critical zones" in which socioeconomic forces 
may tend to affect biodiversity (Forester and McKendry, 1996). 
Other studies have used a variety of methods to examine specific factors relating to 
the quality of habitat at a local and regional level. Cogan and others (1997) used a 
biodiversity index applied to the landscape to examine the relative importance of areas in 
maintaining biodiversity. In a study by White and others (1997), a calculation of habitat 
abundance was used to characterize the landscape. 
Landscape ecology has provided a framework for quantifying the spatial elements of 
habitat loss and modification. Much of landscape ecology revolves around the premise that 
different species respond differently to different landscape configurations and shapes. The 
examination of basic principles of landscape ecology reveal that it is the study of spatial 
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pattern of the landscape, the development and change of these patterns over time, and the 
effect the patterns have on ecological processes (Forman and Godron 1986, Forman 1995, 
Collinge 1996). Various landscape ecology indices have been used to assess landscape 
interactions and habitat. Size and perimeter to core ratios are important in assessing 
individual habitat areas. At a regional scale, inter-patch relationships play an important role 
(Forman 1996, Bunce and others 1993, Lenz and Stary 1995). 
Landscape ecology concepts 
Landscape ecology is the study of landscape patterns and the interaction among 
different elements that comprise the landscape mosaic (Forman and Godron 1986). More 
specifically, landscape ecology addresses the dynamic nature of the landscape and the role 
spatial heterogeneity plays in various ecological processes (McGarigal 1997). Landscape 
ecology is based on the principles of landscape structure, function, and change. 
Landscape structure is the spatial relationship among the different elements within a 
landscape, or could also be termed the spatial heterogeneity within the landscape. These 
elements are generally evaluated as specific ecosystems, but could also refer to human-made 
landscape areas as well. At the landscape level, structural components can be classified as 
patches (areas with significant width), a narrow corridor or the background matrix (Forman 
1995). Structure also involves the distribution of energy, materials and species in relation the 
various landscape elements (McGarigal 1997). 
Function refers to the interactions or exchange of elements within the spatial 
pattering. Energy flows, nutrient cycling and species movements tend to be the guiding 
principles (Forman and Godron 1986). 
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Every landscape is dynamic. Alteration of the landscape can occur in the context of 
structural or functional change. Structural change occurs with disturbance, colonization, and 
development, functional change occurs because of structural change. Examples of functional 
change include change in microclimate, species movement capability, wind velocity and 
hydrologic recharge (Saunders and others 1991). 
Landscape structure and composition 
The concept of landscape can be defined in many ways. In landscape ecology, 
landscape definitions may be extremely broad and include an area several hundred kilometers 
square, involving many different landscape elements to an area smaller than a square 
kilometer, involving habitat patches for a single species (McGarigal 1997). One of the ways 
in which the landscape is perceived is in a hierarchical structure similar to the structure 
employed by the National Biological Service Gap Analysis Program. This structure classifies 
the landscape at different scales from the site level up to a regional or national level. 
Specifically, these hierarchical classes include features comprised of the planning 
region, planning unit, landscape, and landscape unit (Davis and Stoms 1996). Table 1.1 
relates each feature to an approximate size range. 
Table 1. 1. Gap Analysis spatial analytical hierarchy. 
Unit 
Planning Region 
Planning Unit 
Landscape 
Landscape Unit 
Size Range 
10,000 - 1,000,000 km2 
10 -10,000 km2 
l.0-100km2 
0.001 - 1.0 km2 
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Landscape structure within landscape ecology involves the concepts of patches, 
corridors, and matrix and may occur within the context of the planning region down to the 
individual landscape unit. 
Patches 
Patches consist of non-linear features within the landscape, differing in appearance 
and structure from the surrounding landscape (Forman and Godron 1986). Patches normally 
are thought of as either plant or animal communities, which vary in dimen~ion, type, and 
boundary, but can also be applied to landscape features consisting solely of abiotic 
components (Forman and Godron 1986) 
Formation of patches occurs by disturbance, regeneration, or introduction. Patches 
may exist as remnant patches, or resource patches. Disturbance patches occur due to natural 
and human intervention on the landscape. Interventions can be gradual erosion or a sudden 
elimination of areas within the larger extent of vegetation. Human activities such as logging, 
clearing of land for agriculture, burning, or mining may produce patches. Other patch 
forming processes include mudslides, wind, fire, and ice storms (Forman and Godron 1985). 
Remnant patches occur due to a widespread disturbance surrounding an area; the 
resulting patch is embedded within the surrounding disturbed landscape (Forman 1995). 
Remnant patches could be considered the inverse of disturbance patches, because all of the 
surrounding vegetation has undergone a disturbance leaving a small island of remnant 
vegetation. 
Regenerated patches are similar to remnant patches. Chronic disturbance of the matrix 
may create remnant patch conditions; cessation of the disturbance may allow areas to 
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regenerate (Forman and Godron 1986). These areas could be considered transitional because 
the primary force attributed to degradation has been removed, allowing the area to recuperate. 
An example of a patch of this type might be a prairie or wetland restoration 
Differences in environmental conditions such as rates of water percolation, moisture, 
soil and slope aspect contribute to environmental resource patches. Patches of this type may 
have high concentrations of a particular group of species (such as amphibians) or may 
support a plant or insect species that requires a specific set of parameters for survival 
(Forman and Godron 1986). 
futroduced patches occur because of the introduction of organisms to an area by 
humans, resulting in a situation similar to a disturbance patch, but differing in the sense that 
the introduced elements have a lasting, continual impact on a patch. Examples of these types 
of patches include planted areas of introduced plant species, which out-compete native 
species, areas of human habitation, the suppression of natural occurrences such as fire, and 
agricultural landscapes (Forman and Godron 1986, Schwartz 1997). 
Important patch characteristics 
Patch size. The smaller a remnant is, the greater influence _external factors are likely 
to have, while larger remnants are more likely to have greater biodiversity (Saunders and 
others 1991). Patch size is also known to affect biomass, production, species composition and 
diversity (Forman and Godron 1986). While describing patch remnants, Gilpin and Soule 
(1986) state that it is the size of the remnant that determines the potential size of populations, 
and in the long term, determines the likelihood that local populations will resist extinction. 
Patch size needs to be examined from the perspective of a target species because individual 
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species have different habitat requirements. Species that require large amounts of space or 
combinations of different habitats are more likely to survive in larger areas. In contrast, 
smaller species that require habitats with less complexity are able to survive on smaller 
remnant patches (Saunders and others 1991) 
Patch shape. The primary importance of shape is its relationship to the edge effect. 
When applied to small areas the perimeter to core ratio can have significant impacts on 
interior species (Saunders and others 1991, McGarigal 1997). Shape probably influences 
dispersal among small mammals and foraging among other organisms (Forman and Godron 
1986, McGarigal 1997). 
Patch number and configuration. Colonization of a patch depends largely on the 
distance from one patch to another (Saunders and others 1991). Forman and Godron (1986) 
mention that a single large patch contains more species than many smaller patches, due to the 
"edge effect" in the smaller patches and the amount of interior suitable to specialist species in 
the larger patches. Patch configuration also influences interactions within ~he landscape. 
Movement through a landscape by larger species is potentially easier with many patches 
evenly dispersed rather than being clustered in one area. Conversely, a clustering of smaller 
patches may function in a similar way as a corridor (Forman and Godron 1986). 
Corridors 
Corridors are narrow strips of land, which differ in vegetation from the surrounding 
landscape, or matrix; their formation is similar to the formation of patches (Forman and 
Godron 1986). Saunders and others (1991) point out that corridors are "generally believed" to 
provide many benefits to organisms including migration routes, foraging areas, refuges 
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during disturbances, aesthetic appeal, and in many instances add significantly to the area of 
native vegetation left following fragmentation. It should be noted that few people have 
actually tested the effectiveness of corridors and that they may also have negative effects 
(Debinski 2000). Rosenburg and others (1997, p 678) state "a corridor is a linear landscape 
element that provides for movement between habitat patches, but not necessarily 
reproduction, and that not all life history requirements of a species may be met in a corridor." 
They also suggest that the primary rationale for corridors within conservation is to increase 
the likelihood of persistence by allowing exchange of individuals within sub-populations of 
the area. The structure of corridors is not limited to areas of natural vegetation but may also 
be a specific type, such as a stream corridor or a transportation corridor (Forman and Godron 
1986). 
Important corridor characteristics 
Corridor width. Because few corridors are of constant width, there is opportunity 
within the corridor for a variety of habitat types to exist. Similar to patch configuration, wider 
areas along the corridor length provide larger interior areas; these areas are considered nodes 
(Forman and Godron 1986). Along streams, corridor width is related to hydrologic 
functioning and stream temperature (Forman 1997). 
Corridor length. Corridor length is important for decreasing the resistance within the 
landscape, in effect reducing the impact of barriers within the landscape by increasing 
connectivity (Kalkhoven 1993). Along a corridor, if the corridor persists for a great length, an 
environmental gradient is usually present. This condition usually results in a series of suitable 
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habitats for a variety of species, and is noted by a gradual change in species composition and 
abundance (Forman and Godron 1986). 
Corridor connectivity. Connectivity is the measure of how continuous the corridor 
structure is (Forman and Godron 1986). Connectivity is probably most important when 
viewed from an animal movement or a dispersal perspective. Connectivity most likely plays a 
role in extra foraging areas and as refuges during disturbances (Saunders ap_d others 1991). 
Matrix 
The matrix consists of the most extensive and most connected element within a 
landscape, and usually encloses other landscape elements such as patches and corridors. 
Generally the matrix comprises the largest land area, and controls the dynamics and 
movements within a landscape (Forman and Godron 1986). 
Landscape ecology indices 
Communication and subsequent application of landscape ecology concepts requires 
specific measurements. These measures provide insight as to how a particular patch or 
corridor is functioning or might provide information on the landscape structure as a whole. 
Introductory texts including landscape ecology and published research describe a variety of 
indices that may be applied to the landscape. Indices that can be applied to individual patches 
include patch area, core area, shape index and perimeter to area ratio (Forman 1995, 
Schumaker 1996). Inter-patch measures include nearest neighbor distance, patch richness, 
and cohesion (McGarigal 1997, Schumaker 1996). Described in the following paragraphs are 
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specific indices that provide measures of landscape_ structure, diversity and connectivity. 
Landscape change can be visualized in many ways on the landscape. 
Patch Metrics 
Patch metrics vary in complexity and meaning. Most patch metrics begin with or are a 
combination of the measures discussed in the following paragraphs. A good description of 
landscape indices can be found in the FRAGSTATS Manual (McGarigal 1997). 
Patch area. Patch area provides one of simplest and most basic measures within 
landscape ecology. Patch area provides a reference to begin examining the relationship 
between species and spatial requirement. This measure relates directly to core area due to the 
fact that large remnants have larger core areas on which environmentally sensitive species 
may depend (Forman 1995, Saunders and others 1991). 
Shape index. Patch shape has been shown to influence inter-patch processes, such as 
small mammal migration and animal foraging strategies (Forman and Godron 1986, 
McGarigal 1997). Shape is also important because of its role in determining the edge to core 
ratio (Saunders and others 1991). 
Patch perimeter. Patch perimeter is a measure of the total edge length of a patch. 
Perimeter is a component of many landscape ecology indices, including measures of shape, 
edge contrast, and edge to core relationships (McGarigal 1997). 
Edge area. Edge area is the surface area from the outer edge of a patch to a specified 
distance inward or outward. Edge is generally defined as "an outer band of a patch that has an 
environment significantly different from the interior of the patch" (Forman and Godron 1986, 
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p 108). Edge is important because of its relationship to the differing vegetation structure 
organisms may need for survival. 
Core area. The interior portion of a patch or corridor is defined as the core area, 
specifically defined as the areas within a patch beyond some specified distance from the 
perimeter (McGarigal and Marks 1994). Generally, the core area differs from the edge in 
terms of species structure and composition. 
Perimeter to area ratio. The perimeter to area ratio provides a relative measure 
concerning amount of edge present, for thin remnants there is a larger proportion of edge 
when compared to square or round patches with the same area (Saunders and others 1991). 
Inter-patch Metrics 
Several indices can be used to measure the relationships between neighboring 
patches. The importance of inter-patch relationships is directly related to foraging, dispersal 
and migration of organisms throughout the landscape (Forman and Godron 1986). The 
indices isolation of patch and accessibility of patch provide relative meas11:res related to 
isolation and accessibility from the individual patch perspective. Measures such as the 
interaction among patches, isolation of patches, and dispersion of patches provide a measure 
at the regional level including all available patches of a particular type (Forman and Godron 
1986). Another index related to landscape connectivity is a cohesion index proposed by 
Schumaker (1996) that is used as an indicator for dispersal success within the landscape. 
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CHAPTER 3. METHODS OF DATA COLLECTION AND ANALYSIS 
Introduction 
Overview of methods 
Procedures for modeling the effects of future urban growth on existing natural areas 
involved four components. A historic perspective of landscape change was the first 
component of this project. The second component was the use of an urban growth-modeling 
component for estimating future spatial patterns of urban growth. The third component 
involved the generation of future landscape patterns. Future landscape patterns were the 
representation of existing land use planning or zoning documents, a high conservation 
designation and current trends without limits. Each pattern was introduced in the urban 
growth model to generate a future landscape. The fourth component involved evaluating each 
landscape using landscape ecology statistics software. 
Computer hardware and software 
Tasks necessary to complete this thesis were performed using a Windows NT 
Workstation 4.0 and a Digital UNIX Workstation. All of the initial vector and raster data 
processing was done using Arc View 3.1 (AV) and associated extensions on a Windows NT 
Workstation. The AV extensions were limited to Spatial Analyst 1.0 for raster data set 
modeling, and Image Analysis 1.0, an image registration and analysis extension for geo-
referencing of images (ESRI 2000). ARC 8.0, on NT and UNIX platforms, was also used in 
several stages of the research. The Clarke urban growth model (UGM) and FRAGSTATS 
2.0, a spatial pattern analysis program, was run on a UNIX workstation (Project Gigalapolis 
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1997, McGarigal 1994, FRAGSTATS 2000). Post processing and analysis of FRAGSTATS 
output was done on a Windows NT Workstation using Microsoft Access 2000. 
Study area description and location 
The study area for this research is the area covered by the Prairie Rivers Resource 
Conservation and Development area (RC&D). This consists of a six-county area in Central 
Iowa that includes a portion of the Des Moines, Boone and Iowa River Watersheds. The 
counties included in the RC&D include Boone, Hamilton, Hardin, Marshall, Story and 
Webster Counties (Figure 3.1). 
o 20 Miles 
Figure 3.1. Prairie Rivers Resource Conservation and Development area. 
Landscape modeling 
Descriptive modeling·of land transformation 
As stated in Chapter 2 habitat, loss and modification has occurred extensively 
throughout the Midwest, including Iowa. Documentation of this process is difficult because 
few documents describe the temporal process of transformation from a landscape dominated 
by a prairie mosaic to an agrarian landscape. Comparison of the same landscape during two 
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different periods of time gave insight to the extent and type of change that has occurred in 
this portion of Iowa. Fragmentation indices described within landscape ecology literature 
provided one way of measuring the extent of land cover and habitat change within the 
landscape at each time period. Four objectives were involved in the examination of habitat 
loss and modification within the Iowa landscape: 
1) calculate agricultural trends that led to the current extent of habitat 
modification 
2) calculate fragmentation indices within the historic Iowa landscape as a point 
of comparison between historic and current land cover change; 
3) document the current extent of modification within the Iowa landscape; 
4) compare the amount of modification in future landscape scenarios. 
Historic land cover modeling 
As the General Land Office (GLO) conducted the Public Land Survey (PLS) in Iowa 
during the period 1832 to 1859, field notes and maps were produced to describe the landscape 
and its natural resources, including vegetation, landforms, and water. Field notes and maps 
were then used to construct a GIS data set describing the vegetation at the time of the PLS 
(Anderson 1996). 
Several assumptions were made in this research. These assumptions were related to 
landscape type and structure. The first assumption arose because of the limitations of both 
GLO data and the remotely sensed data of the current landscape. Both techniques generalize 
vegetation types within the landscape. The second assumption is that both of these data 
sources, for the most part, accurately represent spatial arrangement and configuration within 
the past and current landscapes. Obviously, the documented data resolution is much different, 
GLO survey notes were taken at section comers and along transect lines spaced one-mile 
25 
apart; the current landscape data is derived from LANDSAT imagery with a 30 meter 
resolution (Anderson 1996, EROS 1999). 
Inherent in the vegetation descriptions made by the 187 deputy surveyors assigned to 
survey the state of Iowa were inconsistencies in vegetation classification among surveyors. 
Few surveyors were trained in plant sciences or vegetation mapping, which resulted in many 
different names for the vegetation types encountered. In the digitizing process, as new 
vegetation names were encountered, they were added to the classification list instead of 
trying to aggregate them within similar classes (Anderson 1996). 
The vector data sets for each county were obtained from the Iowa Department of 
Natural Resources. After merging the individual county files, the historic vegetation was 
reclassified to the National Land Cover Data set (NLCD) classification. The NLCD class-
ification is a classification scheme used by the USGS to classify land cover within the North 
American continent for its Land Cover Characterization Program. The classification scheme 
has 21 classes that are potentially mapped and is similar to the Anderson-Hardy 
Classification but differs in the numeric values and hierarchy (Anderson and others 1976; 
USGS 2000) 
To make the comparison of historic and current land cover, it was necessary to 
aggregate GLO classification types. An attempt was made to aggregate GLO vegetation types 
into classes similar to the NLCD land cover types. In general, all areas that were dominated 
by grasses within the GLO database were placed in the NLCD grasslands/herbaceous 
category, all GLO wetlands were grouped and placed in the NLCD wetlands category, and all 
GLO classifications dominated by trees were placed in the NLCD forest category. Table 3.1 
26 
summarizes the reclassification from 17 GLO vegetation types to 6 NLCD categories. An 
assumption was made that all forest types classified in the GLO data within these counties 
were of a deciduous forest type. Numeric values corresponding to the NLCD classification 
scheme were assigned to each aggregated class. The reclassified GLO vector coverage was 
converted to an ARC GRID data set with a 30-meter cell size. 
Table 3.1. GLO vegetation reclassification to NLCD classification. 
NLCD Classification 
Grassland/Herbaceous 
Agriculture 
Deciduous Forest 
Shrubland 
Wetland 
Water 
Historic urban area mapping 
GLO Category 
PRA 
ROU 
FIE 
BAR 
GRO 
TIM 
THI 
WIN 
SCA 
TSO 
BRU 
MAR 
PON 
SLU 
POO 
WET 
LAK 
Vegetation Type 
Prairie 
Rough 
Field 
Barrens 
Grove 
Timber 
Thicket 
Windfall 
Scattering Trees 
Timber, Scattering Trees, 
0 enin s 
Brush 
Marsh 
Pond 
Slough 
Pool 
Wetland 
Lake 
Urban areas within the Prairie Rivers RC&D were mapped using a variety of historic 
data sources. Mapping of pre-1900 urban extents was accomplished by scanning county maps 
from a reprint of the 1875 edition of the Andreas Atlas (Andreas 1970). County maps were 
then geo-referenced to the corresponding public lands survey system data set using the 
Arc View Image Analysis extension. Urban boundaries marked on the maps were then 
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digitized on-screen into an Arc View shapefile. No one source of data exists for urban extents 
between 1900 and 1960. Data from this period were provided by Iowa Agricultural 
Experiment Station soil maps, which in addition to outlining soil types showed the extent of 
towns and villages (Iowa Agricultural Experiment Station 1918, 1921, 1924, 1925a, 1925b; 
USDA 1903, 1914, 1918). fu a manner similar to the digitized Andreas Atlas map, the soil 
maps were used to define the urban extents for a second set of dates. A third source of data 
was used to map the urban extents of cities for the mid-1960s. The Iowa State University 
Library Map Room has a partial set of 1 :20 000 scale, black and white photographs that were 
donated to ISU by the U.S. Department of Agriculture. The six counties comprising the 
RC&D were available in the ISU collection. 
The photographs were scanned and geo-referenced to digital USGS 7.5' topographic 
maps (DRGs) using the Arc View Image Analysis Extension. Arc View shapefiles 
representing the urban extents were created and later converted to an ARC GRID format. 
Urban areas were evaluated by setting the Arc View view document scale to 1:5000. Obvious 
urban areas, those areas with high street density, were digitized first. Areas on the periphery 
of an urban center were included if an area consisted of more than two houses per 30 x 30 
meter square. Roads leading to or from the urban center were also evaluated; if the number of 
houses exceeded 2 houses per 100-meter segment, then these areas were also digitized. 
The year 1999 was assumed to be the maximum urban extent. Vector coverages for 
the 1965 urban extents were clipped using the 1999 data set. Similarly the remaining urban 
extents for a given year were clipped using the clipped version of the next highest date. The 
28 
clipping procedure was used to ensure that each year of data for an urban area had the same 
spatial extent. 
Current land cover modeling 
A map of current land cover was obtained from the Iowa Department of Natural 
Resources. This data set was developed using satellite imagery from spring and fall dates 
inl991 and 1992, and was developed by the U.S. Geological Survey's EROS Data Center 
(USGS-EROS 1999). The current urban extent was extracted from the satellite imagery 
classified by the EROS Data Center. A Landsat 7 15m panchromatic image from August of 
1999 covering the major cities within the study area was available from the Iowa DNR and 
was used to update the urban boundaries to 1999 extents. 
Urban growth modeling 
Introduction 
Clarke (1997) developed an Urban Growth Model (UGM) that, when used with a time 
series of urban extents, matching road and land use data, can be used to extrapolate historic 
growth trends into future growth probabilities. The UGM was developed by Keith Clarke at 
University of California at Santa Barbara as part of Project Gigalopolis, a program designed 
to model the spatial extent of future growth based on a set of growth rules, past growth rates 
and patterns (Project Gigalopolis 1997). The UGM has been used to evaluate future land use 
scenarios in relation to the resilience of the landscape to growth pressures. The model uses 
the four urban extent data sets described above developed from historic data, along with 
transportation data for matching dates. Slope steepness data, and land use data for two dates 
were also required for the model to function. The model also allowed the input of an 
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excluded layer that informs the model where development cannot occur such as areas with 
water or areas designated as a park. Data entered into the UGM was subjected to a lengthy 
calibration process that approximates past to present growth. Multiple iterations for each year 
over the time span of the study allowed the comparison of the outcome to the base data. Best 
runs were selected over the course of several calibration runs to docum~nt the set of 
parameters that showed the best areal and spatial fit. Completion of the calibration process 
allows the use of the documented best parameters as input to the prediction phase to create a 
probability surface of future urban growth. Urban extents for each of the four dates were used 
in the calibration process for the urban growth model. 
UGM parameters and growth rules 
Input of the based layers allowed the following parameters to be. calibrated: diffusion, 
breed, spread, slope, and road gravity. The UGM calibration process took the input GIF 
images and ran the model from the initial year to the final year using a range of parameter co-
efficient values. Each parameter co-efficient contributed to part of a particular set of growth 
rules that instructed the model how to treat the cells of the input layers at each iteration. Co-
efficient values and corresponding growth rules are included in Table 3.2 (Project 
Gigalopolis 1997). 
UGM initiation 
Data preparation 
The UGM required the input of urban extents and transportation network for all dates 
(1875, 190x or 192x, 1965, 1999). In addition, data describing slope steepness, land use 
(1875, 1999) and areas excluded from development were required by the model. A shaded-
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Table 3.2. UGM co-efficients and growth rules. 
Co-efficient 
Diffusion 
Breed 
Spread 
Slope 
Road 
Growth rule controlled 
spontaneous neighborhood growth 
road influenced growth 
diffusive growth and new growth center 
organic growth 
spontaneous neighborhood growth 
diffusive growth and new growth center 
organic growth 
road influenced growth 
road influenced growth 
relief image was also required for the final model output. A clipping theme was created for 
each area that was to be modeled. In general, this area bounded approximately 2.5 times the 
current spatial extent of the urban area being examined. This theme was used to clip the data 
for each urban area and standardized the spatial extent across all related data. A 30-meter cell 
size, which matched existing land cover data, was used. The treatment of data to obtain the 
necessary input images follows. 
Urban. Data on urban extents for four different dates were used to calculate an 
estimated yearly area in hectares for each city within each county across the study area. From 
these calculations one or two cities within each county emerged as having a significantly 
higher rate of growth compared to other cities in the county. Because of the significantly 
higher rate of growth, only one city per county was chosen for the urban modeling process. 
All other cities were assumed to have relatively flat rates of growth over the 125-year period. 
After the selection process, the urban GRID data were clipped using the clipping theme. The 
urban GRIDs were then reclassified by attributing all urban pixels a value of 254 and non-
urban pixels a value of 0. 
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Land use. The land use evaluation portion of the UGM is independent of the urban 
modeling. However, in order for the urban growth portion of the model to run, land use data 
sets need to be present in the directory with the other data sets. Two land use data sets 
representing the years 187 5 and 1999 were used that had been aggregated to represent urban 
and non-urban pixels in each landscape. This portion of the UGM was not used in the final 
evaluation because of the lack of intermediate dates of land cover data and the lack of 
information available related to the transformation from prairie to agriculture. However, the 
land use portion of the UGM could be used to model the transition of vegetation from one 
type to another over a period of time. The contemporary land cover was reclassified to water, 
agriculture and forest using the the NDLC classification scheme. 
Roads. A current vector data set was used as a base for the roads for all dates. The 
UGM accepted a value related to the probability of a road being developed for a given year. 
The associated database was attributed with four new fields correspondingto each date of the 
urban extent data; each road segment at each date could then be attributed with a probability 
of being developed. 
Probabilities were generated by progressively selecting roads further away from the 
urban center of a particular year. Roads that were completely bounded by the urban extent for 
a given year were given a value of 100. A probability of 50 was given to roads bounded by 
the urban extent of the next highest year but beyond the extent of the year being evaluated. 
Roads outside the urban extent of the next highest year but within 500 meters of that extent 
were given a probability value of 25. All roads outside this limit were given a value of 0. The 
only exception to this pattern was the treatment of the 1999 road data set. Where roads 
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outside of the current urban extent but within 500 meters were given a value of 50 and roads 
outside the 500-meter boundary and within 1000 meters were given a value of 25. Anything 
outside of the 1000-meter limit was attributed with a value of 0. The vector data were then 
converted to separate GRIDs representing each date. 
Excluded areas. Excluded areas included parks, conservation areas and water. The 
assumption was that the parks and conservation areas would not be developed because of a 
protected status, and that it is not possible to develop the water. Data from the Iowa Gap 
Analysis Stewardship database was converted to a GRID coverage (Iowa Gap Analysis 
Project 1999). Additionally, areas classified as water in the EROS land cover data set were 
extracted and combined with the stewardship data. All water, park and conservation area 
pixels in this data set were then attributed with a value of 100 representing the probability of 
the area being excluded from development. 
Slope. A percent slope GRID created from a digital elevation model (DEM) of the 
area using the following equation in the map calculator of AV Spatial Analyst: 
[DEM] .Slope( .3048, TRUE) 
where: 
DEM is the DEM GRID 
Slope is an A venue request to calculate slope 
.3048 is the conversion of feet to meters since the x and y values are in meters and the z value for this 
data was in feet. 
TRUE requests the evaluation to be in percent slope 
Hillshade. Created from a DEM of the area using the AV Spatial Analyst 
HILLSHADE menu option. 
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All the above-mentioned GRID data sets were then converted to TIF images using the 
ARC GRIDIMAGE command. TIF images were then moved from the Windows NT 
environment to UNIX then converted to GIF images using XV, a graphics utility program. 
Urban growth model calibration 
The UGM was downloaded and compiled on a Unix Workstation using the GNU C++ 
compiler (gee) according to instructions (Project Gigalapolis 1997). The initial phase of the 
calibration process involves resampling all of the GIF images for a particular county to a half 
and quarter size resolution. Calibration begins with the quarter resolution images and ends 
with the full resolution images. Using the UGM interface initial co-efficient values are 
entered varying from Oto 100 with 10 unit increments, with a low (4) number of Monte Carlo 
iterations. Best co-efficient values are determined at the end of the run using an included 
utility program that rate all combinations of co-efficient values in their ability to mimic the 
spatial pattern and extent of the current landscape. The co-efficient values or range of values 
are then used in the half resolution images. Similarly, values determined from the half 
resolution images are used in the full resolution images. The calibration phase ends with a set 
or set of best co-efficient values that can be used in the prediction phase. 
The prediction phase begins by running the landscape from past to present using the 
determined co-efficient values and a high number of Monte Carlo iterations (100). The end 
values for each of the iterations are then averaged using a utility included with the UGM 
program. These averaged or finishing values are the input values for the future prediction 
runs of the model. The predictive phase ends with the output of a GIF image showing the 
probability of urban growth. This image is converted to a TIF image using XV, combined 
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with one of the original AV header files (world files), then converted to.a geo-referenced 
GRID using the IMAGEGRID command in Arc/INFO. 
Generation of scenarios to visualize future landscapes 
Several idealized land use futures were generated to test the implications of future 
land use change. Four idealized future landscapes were created using existing land use, 
conservation stewardship data and county level planning documents. The idealized landscape 
configurations reflected urban growth continuing at current rates with the existing 
conservation system, current rates with an enhanced conservation system, current trends with 
directed growth and current trends with zoning/planning documents used as a basis for 
development exclusion or probability of protection status. 
Current growth trend scenario 
Modeled using the excluded layer. The current trend scenario was generated solely 
from the input layers used to calibrate the UGM initially. This scenario evaluates the 
landscape using the current conservation system. The existing excluded layer used in the 
calibration process was used for this scenario. The GRID layer consisted of existing parks 
and conservation areas and water bodies each having a value of 100 all .other pixels were 
attribute with a value of 0. 
Directed growth scenario 
Modeled with a modified roads layer. The assumption for this type of modeling was 
to examine the impacts of a mode of growth that was directed away from existing 
conservation areas and natural vegetation. Growth within the UGM is highly correlated with 
a transportation network. A future transportation network was proposed for each area that 
35 
attempted to avoid the existing conservation areas and natural areas. Probabilities of 
development were attributed to each set of roads in a way similar to previously created road 
data in this study. This data set was appended to the existing road network and converted to 
an Arc GRID file. 
Zoning-planning documentation scenario 
Modeled using the excluded layer. County-level land use planning or zoning 
documents were obtained from counties that had such documents in place. Data in a GIS 
vector format was converted from the Iowa State Plane-NAD83 coordinate system to UTM 
ZONE 15-NAD27. Paper and digital images were geo-referenced to USGS 7.5' digital 
topographic maps using the AV Image Analysis extension. Data was transferred to an AV 
shapefile by on-screen digitizing. Areas designated as environmentally sensitive or critical 
resource areas were given a probability value of 50, meaning that the areas were 
acknowledged but no formal protection was offered by this protection. Existing park, 
conservation areas and water received a probability value of 100. 
Conservation scenario 
Modeled using the excluded layer. This layer was used to simulate ideas put forth by 
Noss and others (1992) who recommended putting forth measures that protect existing 
conservation areas by minimizing artificial edges, designating buffers around existing 
protected areas, acquiring additional acreage to offset incompatible land use, and protect 
unique habitat features. White and others (1997) use a "park" scenario in their study of future 
landscapes that includes protecting all non-developed natural areas within their study area. 
The creation of the enhanced conservation layer for this study was accomplished by buffering 
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existing conservation areas with a 200-meter buffer if the buffer had not already been 
urbanized. Second order streams and higher were also treated with a 200 m buffer. A GRID 
data set was created with all conservation areas receiving a value of 100, the areas outside of 
the conservation areas but inside the 200 meter received a value of 33, a,nd all other pixels 
received a value of 0. 
Each scenario was generated in such a way that it could be inserted into the UGM as 
an excluded layer or in the case of the directed growth, as a modified road layer. The urban 
growth extent generated by the UGM was converted from a GIF image to a TIF image, 
combined with one of the original AV worldfiles, then converted to a geo-referenced GRID 
using the Th1AGEGRID command in ARC/INFO. 
Converted future urban GRIDS for each scenario for each county were merged into 
the corresponding current land cover GRID using the CON statement within AV Spatial 
Analyst. At this point, the GRIDs were ready for evaluation. 
Landscape evaluation 
Historic, current and future landscape scenarios were evaluated using landscape and 
class level landscape ecology indices. Analysis of the landscapes was done with the aid of 
FRAGSTATS and Arc/INFO software. 
FRAGSTATS 
FRAGSTATS, a spatial pattern analysis program, computes a variety of measures 
used in landscape ecology. There are several versions of FRAGSTATS available. The version 
used in this project is the freeware version developed by Kevin McGarigal and Barbara 
Marks of the US Forest Service (USPS 1997). 
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Briefly, FRAGSTATS allows the user to input data on landscapes in the form of 
vector or raster images. FRAGSTATS computes three groups of metrics. For a given 
landscape mosaic, FRAGSTATS computes several statistics for three scales of features: 1) 
each patch in the mosaic; 2) each patch type (class) in the mosaic; and 3) the landscape 
mosaic as a whole. A final product of FRAGSTATS is four output files, one each for the 
individual patch, class and landscape statistics, and an additional file which summarizes the 
statistics for all scales (McGarigal and Marks 1994). The files for patch, class and landscape 
statistics are in an output format suitable for use in a database while the summary file 
presents the calculated statistics in a table. The indices for each time period were then 
compared to note changes that have occurred across the landscape over time. 
Each of the baseline county land use sets and the generated future scenarios were run 
through FRAGSTATS to produce landscape and scale level statistics. Comparisons between 
scenarios were made for each county. 
Data formatting for FRAGSTATS 
FRAGSTATS allowed the input of image file in several formats. GRIDs were initially 
clipped from the landscape using county boundaries then exported to ASCII raster files. 
Additionally, as each GRID was clipped, row and column information was extracted and an 
Arc/INFO AML was generated that contained the command line sequence for initiating 
FRAGSTATS within Arc/INFO. The script also converted null values in the GRID to a value 
of-99, the negative value of the background class. An AV Avenue script was written to 
automate this entire process. The resultant ASCII files contained six lines of header 
information that needed to be stripped prior to processing in ARC. The header information 
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for each ASCII file was named to a corresponding header file for later use. An additional file 
was created that contained between class contrast coefficients that were used to calculate 
edge contrast statistics. Edge contrast statistics were used to compare any differences between 
future scenarios. Contrast between classes was calculated by measuring differences between 
classes in the context of being natural, highly modified, modified or completely modified. 
Classes were assessed a level of modification and given a contrast value according to the type 
combination. The amount of modification attributed to each class and the modification 
combinations are presented in Table 3.3 with all possible class combinations and associated 
contrast value in Table 3.4. 
Data analysis 
Post-FRAGSTATS processing involved importing the landscape, class, and patch 
statistic files into Microsoft Access Database. The output patch ID files were appended to the 
respective header files and converted to ARC GRID files using the ASCIIGRID command. 
The database was then used to query and generate reports for class and landscape level 
statistics within each county. An overview of the modeling procedure and elements is shown 
in Figure 3.2. 
Table 3.3. Vegetation classes, associated level of modification and modification 
combinations. 
Amount of modification Class Modification combinations Contrast value 
Slightly Modified (SM) 41,43, SM-->CM 1.00 91,92 
Moderately Modified (MM) 81 SM-->HM 0.75 
Highly Modified (HM) 82 SM-->MM 0.50 
Completely Modified (CM) 20,32 MM-->HM 0.25 
MM-->CM 0.50 
HM-->CM 0.25 
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Table 3.4. Contrast values for vegetation class combinations. 
Class 
Class 20 32 41 43 
urban/urban grass 20 0 0 1 1 
quarry 32 0 1 1 
dee. forest 41 0 0 
mix. forest 43 0 
pasture/hay 81 
row crop 82 
woody wetland 91 
herb. wetland 92 
81 82 
0.5 0.25 
0.5 0.25 
0.5 0.75 
0.5 0.75 
0 0.25 
0 
91 92 
1 1 
1 1 
0 0 
0 0 
0.5 0.5 
0.75 0.75 
0 0 
0 
Additional Procedures 
Aro/INFO GRIDS converted to 
Tlf image formal With Aro AML 
TIF converted to GIF format for 
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Header lnforma!lon (w<>rldllle) 
MV~d forpost-lJGM georelerenclng 
Future urban merged wilh 
,land cover GRIDs 
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Avenue Script 
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to Access Database for sorting 
:and analysis 
Figure 3.2. Steps involved in the prediction and analysis of future urban growth on the 
landscape. 
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CHAPTER4.RESULTS 
Historic and present land cover characterization 
Agricultural trends 
Following the GLO Survey (1859) there were significant vegetation changes within 
the Iowa landscape. Most evident was the change from prairie to agricultural land that took 
place rapidly from the middle part of the 1800s until the early 1900s. During the period 1900 
to 1946, Iowa agricultural census records recorded the amount of wild hay harvested and was 
used as an indication of the amount of prairie in a particular county. During this time, records 
from the Iowa Census of Agriculture (Iowa Agriculture Census 1900-1951) showed an 
average 98.0 percent (range 96.6 to 99.5 percent) decrease in wild hay acres harvested within 
the six-county area. Figure 4.1 shows the decline of wild hay harvest over this period. Within · 
the six-county study area, a high of 40,120 acres of wild hay was harvested in Webster 
County in1902 with 782 acres being harvested 44 years later in 1946. Marshall County, 
during this same interval, harvested approximately 3,038 acres at a post-1900 peak in 1902 
and was reporting less than 14 acres being harvested in 1946. The other counties reported 
similar acres being harvested (15,000 to 20,000) in the early 1900s, which tapered off to less 
than 1,000 acres around 1946 when the reporting of wild hay, as a separate entry, was 
stopped. 
During this same interval the area being harvested for crops increased at a constant 
rate, rising slightly in total acres over a 50-year period. The average increase of crop acres 
harvested was 16.4 percent (range 11.5 to 26.5 percent) over 50 years. Figure 4.2 shows the 
trends of cropped acres. Over the same fifty-year period, the average harvested acres of corn 
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Figure 4.1. Acres of wild hay 1900-1946, Iowa Census of Agriculture. 
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Figure 4.2. Acres of cropland 1900-1946, Iowa Census of Agriculture. 
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were 756,187; 408,165 acres of oats; and 142,614 acres of tame hay for the six-county area. 
Figure 4.3 shows the total acres of com, oats and tame hay harvested from 1900 to 1951. 
Changes to land cover 
Historic vegetation compiled by Anderson (1996) was used to estimate the historic 
area and extent of vegetation types within the six-county area. Vegetation classes as compiled 
by government surveyors from the period 1846-1854 were aggregated to compare with a land 
cover map that represents a snapshot of the Iowa landscape from the period 1991-1992 
(EROS 1999) are shown in figure 4.4 and maps of each in Figure 4.5. All classes of natural 
vegetation, wetland, herbaceous upland, shrubland, and forest, showed a decrease in hectares 
when compared with the historic GLO classification of the mid-l 800s and the contemporary 
land cover information of the early 1990s. Absent from the land cover information of the 
1990s is the herbaceous upland classification 
(prairie). 
-e-,com ~ Oats --+-Tamehay 
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850000 
750000 
650000 
] 550000 
450000 
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150000 A A 
Figure 4.3. Acres of com, oats, and tame hay, totals for six counties. Iowa Census of 
Agriculture. 
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Figure 4.4. Areal comparison of GLO (1846-1854) and EROS (1991-1992) land cover data. 
Historic urban growth 
Figures 4.6 through 4.11 represent growth trends of the towns and cities within the 
six-county area. The figures represent the period 1875-1999 and are grouped by county. Most 
towns within each county experienced relatively flat growth rates ( < 1.00 ha/yr) during the 
past 124 years. The range of growth across all cities for all counties was 0.04 to 28.32 (mean 
=1.29 ha/yr). Cities with the highest average rates of growth were Ames (28.32 ha/yr), 
Marshalltown (16.28 ha/yr), Fort Dodge (15.60 ha/yr, Boone (8.09 ha/yr), Webster City (4.68 
ha/yr) and Iowa Falls (3.76 ha/year). With the exception of Iowa Falls, the urban areas with 
the highest rates of growth were selected for growth modeling. Eldora (1.78 ha/yr) and 
Steamboat Rock (0.25 ha/yr) were selected for modeling in Hardin County because of their 
proximity to the Hardin County Greenbelt. 
Historic and contemporary landscape comparison 
Among all urban study areas, landscape characteristics indicated a much more 
fragmented landscape. The total number of patches increased, mean patch size decreased and 
the total edge increased (Table 4.1) from 1852 to 1991. In most cases the mean edge contrast 
Historic landcover 
Water 
Timber-Unknown 
Deciduous Forest 
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Data 
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from Government Land Office 
surveyor notes and maps, 
1832-1859. 
Contempornry landcover 
Open Water 
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Pasture/Hay 
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[j Wetland 
0 No Data 
Contempor,u-y landcover data 
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Figure 4.5. Historic and contemporary landcover for the six counties of Boone, Hamilton, 
Hardin, Marshall, Story and Webster. 
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Figure 4. 8. Hardin County 187 5-1999. Accumulated total area of cities, towns and selected unincorporated areas. 
4000 
3500 
3000 
2500 
2000 
<1.) 
::r1 1500 
1000 
500 
0 
%..--______..-:i~_______,,if~ 
1875 1925 1965 1999 
Year 
~ALBION 
~CLEMONS 
~COLO 
~-FERGUSON 
--38(-- GILMAN 
•m•::(::~-~ HA VERRILL 
.....i:::=:~--- LAUREL 
nnn•-:1 :-·- LEGRAND 
~ -:f--LISCOMB 
- ,::::::"""" MARSHALLTOWN 
MELBOURNE 
---G---RHODES 
SAINT ANTHONY 
···•':::'•··· STATE CENTER 
·········· UNINCORP 10 
Figure 4.9. Marshall County 1875-1999. Accumulated total area of cities, towns and selected unincorporated areas. 
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also increased during this same time period. The largest patch index (LPI) and corresponding 
largest patch type indicate the percentage of land for a landscape area that was comprised of a 
particular class. In all cases, the LPI was either prairie or deciduous forest in the historic 
landscape and was agriculture in the present landscape. 
In all six urban areas studied, the two vegetation classes with the largest area for the 
historic landscape consisted of prairie and deciduous forest. Other classes that were mapped 
by historic surveyors made up less than 1.00 percent individually for each current urban area 
location. Among the classes comprising the contemporary landscape, the classes with the 
largest area were urban, agriculture, deciduous forest and pasture. Ideally, a comparison was 
desired between the two major vegetation classes from the historic and contemporary land 
cover classifications. However, the contemporary landscape contains very little prairie and 
was not a mapped class in the EROS land cover dataset used to calculate the present 
landscape. A comparison between the deciduous forest classes for the two dates was made. A 
comparison of the historic and contemporary data showed that among all six urban areas the 
area of deciduous forest decreased over time. When examining the amount of core area ( edge 
distance = 30 m), the total core area decreased in all cases. With the decrease in core area 
came an increase in the overall number of core areas over time and a decreased mean core 
area/patch (Table 4.2). 
Contemporary and future landscape comparison 
Urban Trend Scenario 
Landscapes in all six urban areas were modeled through 2050 according to 1999 
growth rates and conditions. In all landscapes the resultant growth of the urban class 
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Table 4.1. Landscape level indices comparing historic and contemporary landscapes. 
Mean Largest 
No. Patch Patch Largest Total Edge Mean Edge 
CitJ'. Date Patches Size (ha) Index Patch TJ'.12e (m) Contrast Index 
Ames 1847 7 3331.65 48.78 Prairie 113610 0.00 
1991 5979 3.86 49.32 Agriculture 1742430 44.70 
Boone 1849 25 720.61 59.66 Prairie 55380 50.53 
1991 5464 3.26 53 .03 Agriculture 1567530 42.26 
Eldora 1847 6 1473.12 43.94 Dec. forest 39180 0.00 
1991 2720 3.21 41.06 Agriculture 743460 39.83 
Fort Dodge 1851 54 381.22 79.07 Prairie 193680 48.82 
1991 5014 4.05 28.77 Agriculture 1515540 43.96 
Marshalltown 1847 17 1035.66 70.97 Prairie 92700 13.55 
1991 6205 2.80 44.39 Agriculture 1776750 40.83 
Webster City 1853 10 992.02 44.38 Prairie 60960 39.76 
1991 2546 3.85 34.97 Agriculture 744930 40.63 
Table 4.2. Comparison of deciduous forest class statistics in historic and contemporary 
landscapes. 
% of Total Core No. Core Core Area % Mean core area/patch 
Urban Area Date Landsca12e Area (ha) Areas oflandsca12e (ha) 
Ames 1847 14.11 3042.09 3 13.04 1014.00 
1991 7.00 611.55 297 2.65 0.46 
Boone 1849 38.44 6766.92 2 37.56 3383.50 
1991 16.47 1664.19 274 9.35 2.14 
Eldora 1847 43 .94 3779.46 1 42.76 3779.50 
1991 10.15 376.02 169 4.30 0.00 
Fort Dodge 1851 16.33 3090.24 17 15.01 220.73 
1991 8.19 679.68 259 3.35 0.63 
Marshalltown 1847 17.47 2864.79 12 16.27 286.48 
1991 6.81 273.69 263 1.58 0.16 
Webster City 1853 18.42 1699.92 1 17.14 1699.90 
1991 6.34 213.12 141 2.17 0.54 
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displaced one or more classes found in the 1999 landscapes. Table 4.3 contains values 
relating the amount of each class transitioned to the urban class for each urban location. A 
visual examination of the urban growth can be seen in Figures 4.12 through 4.17. 
Landscape characteristics 
Mean edge contrast for all landscapes in the 2050 trend (2050t) scenario decreased. 
Additionally the amount of edge decreased in all landscapes except for the Ames landscape, 
which had an increase in the total amount of edge within the landscape. There was no change 
in the designation of the largest patch type between contemporary (1999) and future (2050) 
trend landscapes. In both dates agriculture had the most extensive patch within the landscape. 
With the exception of the Ames landscape, all landscapes experienced a decrease in the total 
number of patches and an increase in the mean patch size. During this same time the number 
of patches in the Ames landscape increased with the mean patch size decreasing. Table 4.4 
contains landscape level indices calculated for the contemporary and possible future 
landscapes at year 2050. 
Class comparisons 
A comparison was made between the dominant vegetation classes in the 
contemporary and the 2050 trend (2050t) scenario (2050t). The vegetation classes that were 
determined dominant for the landscapes were the four classes comprising a majority of the 
landscape. These classes were agriculture, deciduous forest, pasture/hay and urban. 
Agriculture occupied the greatest percentage of the landscape in the contemporary and 2050 
trend (2050t) landscapes, urban was the second most dominant in the landscape for the Ames, 
Fort Dodge, Marshall and Webster City landscapes, was third for the Boone landscape and 
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fourth for the Eldora landscape. Deciduous forest and pasture was most often ranked third or 
fourth with the exception of the Boone landscape, where deciduous forest ranked second and 
pasture fourth, and the Eldora landscape where deciduous forest was third and pasture was 
second. In all areas the urban class increased. 
Table 4.3. Transition in hectares from non-urban to urban classes for 2050 future scenarios. 
Ames 
Scenario 
Class 2050t 2050d 2050z 2050c 
Barren 6.12 6.03 3.24 4.95 
Deciduous Forest 199.26 197.73 196.92 190.53 
Mixed Forest 2.25 1.89 1.80 2.16 
Pasture/Hay 192.42 188.64 191.25 187.47 
Row Crop 1278.27 1286.64 1274.49 1269.09 
Herbaceous Wetland 12.15 10.80 11.70 11.79 
Woody Wetland 30.06 28.35 28.26 26.37 
Boone 
Scenario 
Class 2050t 2050d 2050z 2050c 
Barren 0.00 0.00 n/c 0.00 
Deciduous Forest 55.26 55.26 n/c 56.61 
Mixed Forest 0.18 0.18 n/c 0.18 
Pasture/Hay 43.83 43.83 n/c 45.63 
Row Crop 215 .28 215 .28 n/c 213.84 
Herbaceous Wetland 2.07 2.07 n/c 1.98 
Woody Wetland 6.48 6.48 n/c 6.03 
Eldora 
Scenario 
Class 2050t 2050d 2050z 2050c 
Barren 0.00 0.00 n/c 0.00 
Deciduous Forest 13.32 13.86 n/c 12.24 
Mixed Forest 0.09 0.18 n/c 0.00 
Pasture/Hay 6.12 7.65 n/c 6.39 
Row Crop 20.79 24.84 n/c 18.72 
Herbaceous Wetland 0.27 0.18 n/c 0.18 
Woody Wetland 2.07 1.80 n/c 1.80 
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Table 4.3. (continued) 
Fort Dodge 
Scenario 
Class 2050t 2050d 2050z 2050c 
Barren 13.68 13.68 13.68 13.68 
Deciduous Forest 319.32 319.14 316.53 314.64 
Mixed Forest 2.07 1.89 1.89 1.98 
Pasture/Hay 204.21 201.69 198.27 190.35 
Row Crop 904.5 932.67 910.98 895.23 
Herbaceous Wetland 16.38 16.83 16.74 15.75 
Wood:y Wetland 58.14 57.96 59.58 57.33 
Marshalltown 
Scenario 
Class 2050t 2050d 2050z 2050c 
Barren 0.00 0.00 0.00 0.00 
Deciduous Forest 116.19 114.75 115.29 111.51 
Mixed Forest 0.54 0.63 0.63 0.45 
Pasture/Hay 40.14 43.11 37.89 37.44 
Row Crop 219.60 223.38 222.75 222.48 
Herbaceous Wetland 6.48 6.84 6.93 6.12 
Wood:y Wetland 14.22 16.92 14.76 15.75 
Webster City 
Scenario 
Class 2050t 2050d 2050z 2050c 
Barren 0.00 0.00 n/c 0.00 
Deciduous Forest 42.75 41.67 n/c 39.33 
Mixed Forest 0.27 0.09 n/c 0.27 
Pasture/Hay 37.17 38.07 n/c 36.18 
Row Crop 137.79 142.11 n/c 131.31 
Herbaceous Wetland 0.90 1.53 n/c 0.99 
Wood:y Wetland 4.86 4.32 n/c 4.59 
The most significant increases for the urban class occurred in the Ames and Fort 
Dodge landscapes. The Ames urban area class increased from 16.68 percent (3851 ha) of the 
landscape to 24.15 percent (5577 ha); similarly, the Fort Dodge urban class increased from 
15.66 percent (3181 ha) to 23.26 percent (4732 ha) of the landscape (Tables 4.5 through 
4.10). For the other landscapes, the increase in urban area was not as great. 
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Table 4.4. Landscape level indices comparing contemporary and future landscapes. 
Mean Largest Mean Edge 
Urban No. Patch Size Patch Largest Patch Total Edge Contrast 
Area Date Patches (ha) Index Type (m) Index 
Ames 1991 5979 3.86 49.32 Agriculture 1742430 44.70 
2050t 7539 3.06 44.26 Agriculture 1908180 37.56 
2050d 7599 3.04 44.14 Agriculture 1919610 37.57 
2050z 7620 3.03 44.20 Agriculture 1908540 37.51 
2050c 7576 3.05 44.21 Aoriculture 1910460 36.73 
Boone 1991 5464 3.26 53.03 Agriculture 1567530 42.26 
2050t 5227 3.41 47.63 Agriculture 1542780 40.73 
2050d 5227 3.41 47.63 Agriculture 1542780 40.73 
2050z N/C N/C N/C N/C N/C N/C 
2050c 5229 3.41 47.65 Agriculture 1544220 40.67 
Eldora 1991 2720 3.21 41.06 Agriculture 743460 39.83 
2050t 2684 3.26 40.91 Agriculture 739560 38.69 
2050d 2686 3.25 40.89 Agriculture 741660 38.78 
2050z N/C N/C N/C N/C N/C N/C 
2050c 2696 3.24 40.92 Agriculture 740760 38.59 
Fort Dodge 1991 5014 4.05 28.77 Agriculture 1515540 43.96 
2050t 4270 4.76 26.51 Agriculture 1369020 40.82 
2050d 4238 4.80 26.36 Agriculture 1373820 40.71 
2050z 4232 4.81 26.49 Agriculture 1368150 40.82 
2050c 4268 4.77 26.59 Agriculture 1371300 40.78 
Marshalltown 1991 6205 2.80 44.39 Agriculture 1776750 40.83 
2050t 5721 3.03 41.68 Agriculture 1696200 37.37 
2050d 5710 3.04 41.87 Agriculture 1697040 37.47 
2050z 5754 3.02 41.85 Agriculture 1697460 37.44 
2050c 5744 3.02 41.79 Agriculture 1699680 37.35 
Webster City 1991 2546 3.85 34.97 Agriculture 744930 40.63 
2050t 2392 4.10 34.02 Agriculture 727380 38.45 
2050d 2365 4.15 33.97 Agriculture 720390 38.28 
2050z N/C N/C N/C N/C N/C N/C 
2050c 2392 4.10 34.13 Agriculture 723360 38.18 
Abbreviations for the above table refer to the different scenarios run within the UGM: 2050t, trend growth 
scenario; 2050d, directed growth scenario; 2050z, zoning growth scenario; and 2050c, conservation scenario. 
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Figure 4.12. Contemporary urban extent and urban extents of year 2050 scenarios 
surrounding Ames, Iowa. 
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Figure 4.13 . Contemporary urban extent and urban extents of year 2050 scenarios 
surrounding Boone, Iowa. 
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Figure 4.14. Contemporary urban extent and urban extents of year 2050 scenarios 
surrounding Eldora, Iowa. 
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Figure 4.15. Contemporary urban extent and urban extents of year 2050 scenarios 
surrounding Fort Dodge, Iowa. 
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Figure 4.16. Contemporary urban extent and urban extents of year 2050 scenarios 
surrounding Marshalltown, Iowa. 
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Figure 4.17. Contemporary urban extent and urban extents of year 2050 scenarios 
surrounding Webster City, Iowa. 
Table 4.5. Class level indices comparing contemporary and future landscapes for Ames, Iowa. 
Total No. Core Mean core 
Urban % of Core Core area% of area/patch 
Area Landcover Date Landsca2e Area (ha) Areas landsca2e (ha) 
Ames Agriculture 1991 67.79 13151.07 270 56.96 62.33 
2050t 62.24 11228.13 304 48.62 41.13 
2050d 62.20 11203.74 305 48.51 39.45 
2050z 62.25 11233.26 317 48.64 36.83 
2050c 62.28 11237.58 304 48.66 40.28 
Dec. Forest 1991 7.00 611.55 297 2.65 0.46 
2050t 6.14 549.90 278 2.38 0.57 
2050d 6.14 550.26 265 2.38 0.56 
2050z 6.15 554.76 258 2.40 0.56 
2050c 6.17 556.83 268 2.41 0.56 0\ 
Pasture/Hay 1991 6.89 504.99 357 2.19 0.27 0 
2050t 6.05 426.60 330 1.85 0.27 
2050d 6.07 424.98 339 1.84 0.27 
2050z 6.06 422.46 334 1.83 0.27 
2050c 6.07 428.67 328 1.86 0.27 
Urban 1991 16.68 2621.52 199 11.35 1.98 
2050t 24.15 4204.80 169 18.21 1.15 
2050d 24.15 4200.12 161 18.19 1.15 
2050z 24.09 4194.27 177 18.16 1.15 
2050c 24.03 4186.08 167 18.13 1.15 
Abbreviations for the above table refer to the different scenarios run within the UGM: 2050t, trend growth scenario; 2050d, 
directed growth scenario; 2050z, zoning growth scenario; and 2050c, conservation scenario. 
Table 4.6. Class level indices comparing contemporary and future landscapes for Boone, Iowa. 
Total No. Core Mean core 
Urban % of Core Core area% of area/patch 
Area Landcover Date Landsca2e Area (ha) Areas landsca2e (ha) 
Boone Agriculture 1991 63.76 9331.38 385 52.41 25.02 
2050t 62.55 9117.54 384 51.21 22.79 
2050d 62.55 9117.54 384 51.21 22.79 
2050z N/C N/C N/C N/C N/C 
2050c 62.56 9114.48 378 51.19 22.23 
Dec. Forest 1991 16.47 1664.19 274 9.35 2.14 
2050t 16.16 1652.04 265 9.28 2.49 
2050d 16.16 1652.04 265 9.28 2.49 0\ 
2050z N/C N/C N/C N/C N/C 
2050c 16.15 1652.49 266 9.28 2.51 
Pasture/Hay 1991 8.62 404.28 351 2.27 0.20 
2050t 8.37 395.10 338 2.22 0.20 
2050d 8.37 395.10 338 2.22 0.20 
2050z N/C N/C N/C N/C N/C 
2050c 8.36 395.01 340 2.22 0.20 
Urban 1991 9.39 1031.22 54 5.79 0.75 
2050t 11.21 1371.60 70 7.70 1.03 
2050d 11.21 1371.60 70 7.70 1.03 
2050z N/C N/C N/C N/C N/C 
2050c 11.22 1366.56 80 7.68 1.03 
Abbreviations for the above table refer to the different scenarios run within the UGM: 2050t, trend growth scenario; 2050d, 
directed growth scenario; 2050z, zoning growth scenario; and 2050c, conservation scenario. 
Table 4. 7. Class level indices comparing contemporary and future landscapes for Eldora, Iowa. 
Total No. Core Mean core 
Urban % of Core Core area% of area/patch 
Area Landcover Date Landsca2e Area (ha) Areas landsca2e (ha) 
Eldora Agriculture 1991 70.46 5075.64 131 58.10 47.88 
2050t 70.22 5045.04 135 57.75 45.45 
2050d 70.17 5039.91 131 57.69 45.82 
2050z N/C N/C N/C N/C N/C 
2050c 70.24 5044.23 133 57.74 46.28 
Dec. Forest 1991 10.15 376.02 169 4.30 0.85 
2050t 10.00 374.22 165 4.28 0.92 
2050d 9.99 374.76 165 4.29 0.92 
2050z N/C N/C N/C N/C N/C 
2050c 10.01 374.85 165 4.29 0.92 O'\ 
Pasture/Hay 1991 10.72 309.96 201 3.55 0.33 N 
2050t 10.65 306.99 203 3.51 0.33 
2050d 10.63 306.45 206 3.51 0.33 
2050z N/C N/C N/C N/C N/C 
2050c 10.65 306.90 202 3.51 0.33 
Urban 1991 6.08 340.11 15 3.89 0.68 
2050t 6.57 391.95 22 4.49 0.75 
2050d 6.63 395.37 24 4.53 0.76 
2050z N/C N/C N/C N/C NJC 
2050c 6.53 390.69 17 4.47 0.74 
Abbreviations for the above table refer to the different scenarios run within the UGM: 2050t, trend growth scenario; 2050d, 
directed growth scenario; 2050z, zoning growth scenario; and 2050c, conservation scenario. 
Table 4.8. Class level indices comparing contemporary and future landscapes for Fort Dodge, Iowa. 
Total No. Core Mean core 
Urban % of Core Core area% of area/patch 
Area Landcover Date Landsca2e Area (ha) Areas landsca2e (ha) 
Fort Agriculture 1991 62.70 10713.24 316 52.75 55.80 
Dodge 2050t 58.15 9923.94 281 48.78 34.46 
2050d 58.01 9887.22 295 48.60 34.45 
2050z 58.12 9905.13 293 48.69 38.69 
2050c 58.20 9920.70 282 48.77 36.74 
Dec. Forest 1991 8.19 679.68 259 3.35 0.63 
2050t 6.61 557.64 206 2.74 0.66 
2050d 6.61 558.72 209 2.75 0.66 
2050z 6.62 558.54 211 2.75 0.66 
2050c 6.63 560.16 205 2.75 0.66 
O'\ 
Pasture/Hay 1991 9.69 915.39 308 4.51 0.68 VJ 
2050t 8.67 816.48 273 4.01 0.70 
2050d 8.69 822.06 275 4.04 0.72 
2050z 8.70 823.77 272 4.05 0.71 
2050c 8.74 826.47 272 4.06 0.71 
Urban 1991 15.66 2278.89 100 11.22 1.57 
2050t 23.26 3867.39 53 19.01 3.36 
2050d 23.39 3883.86 68 19.09 3.39 
2050z 23.26 3870.81 55 19.03 3.37 
2050c 23.12 3844.26 59 18.90 3.31 
Abbreviations for the above table refer to the different scenarios run within the UGM: 2050t, trend growth scenario; 2050d, 
directed growth scenario; 2050z, zoning growth scenario; and 2050c, conservation scenario. 
Table 4.9. Class level indices comparing contemporary and future landscapes for Marshalltown, Iowa. 
Total No. Core Mean core 
Urban % of Core Core area% of area/patch 
Area Landcover Date Landsca2e Area (ha) Areas landsca2e (ha) 
Marshall- Agriculture 1991 58.27 7824.42 372 45.07 35.09 
town 20501 57.00 7622.28 362 43.91 29.20 
2050d 56.98 7617.15 372 43.88 29.87 
2050z 56.98 7614.27 374 43.86 28.52 
2050c 56.98 7609.95 358 43.83 27.98 
Dec. Forest 1991 6.81 273.69 263 1.58 0.16 
20501 6.14 257.40 247 1.48 0.18 
2050d 6.15 256.59 247 1.48 0.18 
2050z 6.14 259.83 243 1.50 0.18 
2050c 6.17 260.01 247 1.50 0.18 0\ 
Pasture/Hay 1991 10.45 580.95 378 3.35 0.30 .j:::.. 
20501 10.22 572.76 373 3.30 0.31 
2050d 10.20 572.40 373 3.30 0.31 
2050z 10.23 573.66 373 3.30 0.31 
2050c 10.24 575.01 372 3.31 0.31 
Urban 1991 15.57 1974.33 92 11.37 1.92 
20501 17.87 2521.53 57 14.52 2.57 
2050d 17.91 2521.80 64 14.53 2.53 
2050z 17.87 2516.49 63 14.50 2.52 
2050c 17.85 2510.10 67 14.46 2.54 
Abbreviations for the above table refer to the different scenarios run within the UGM: 20501, trend growth scenario; 2050d, 
directed growth scenario; 2050z, zoning growth scenario; and 2050c, conservation scenario. 
Table 4.10. Class level indices comparing contemporary and future landscapes for Webster City, Iowa. 
Total No. Core Mean core 
Urban % of Core Core area% of area/patch 
Area Date Landsca2e Area (ha) Areas landsca2e (ha) 
Webster Agriculture 1991 74.54 6110.64 128 62.31 54.08 
City 20501 73.14 5974.47 115 60.92 45.61 
2050d 73.09 5971.86 116 60.89 47.02 
2050z N/C N/C N/C N/C N/C 
2050c 73.20 5978.61 113 60.96 45.29 
Dec. Forest 1991 6.34 213.12 141 2.17 0.54 
20501 5.91 201.15 131 2.05 0.60 
2050d 5.92 203.40 127 2.07 0.62 
2050z N/C N/C NIC N/C N/C 
2050c 5.94 202.41 132 2.06 0.62 0\ 
Pasture/Hay 1991 7.16 192.42 159 1.96 0.21 Ul 
2050t 6.78 178.02 155 1.82 0.21 
2050d 6.77 180.81 156 1.84 0.21 
2050z N/C N/C N/C N/C N/C 
2050c 6.79 180.18 152 1.84 0.21 
Urban 1991 10.93 632.70 43 6.45 0.99 
20501 13.21 875.70 52 8.93 1.41 
2050d 13.25 887.85 44 9.05 1.44 
2050z N/C N/C N/C N/C N/C 
2050c 13.09 873.00 47 8.90 1.37 
Abbreviations for the above table refer to the different scenarios run within the UGM: 2050t, trend growth scenario; 2050d, 
directed growth scenario; 2050z, zoning growth scenario; and 2050c, conservation scenario. 
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Directed growth scenario 
-Landscape characteristics 
The resultant landscapes modeled for the directed landscape scenario (2050d), at year 
2050, yielded results similar to the trend scenario (2050t). In all urban study areas the mean 
edge contrast index (MECI) decreased slightly. The largest decrease was for the Ames land-
scape, which had an overall decrease of approximately 7 meters per 100 meters of edge. 
Other areas experienced decreases in the MECI of less than 4 meters per 100 meters of edge. 
As in the contemporary landscape, the largest patch type in each urban landscape was 
maintained as agriculture. However, in all cases the percent of the landscape occupied by the 
largest patch type decreased. The number of patches in the Ames landscape changed from 
5979 patches to 7599 patches with a mean patch size of 3.04. The five other areas 
experienced a decrease in the overall number of patches and a slight increase in the mean 
patch size (Table4.4). 
Class comparisons 
As in the previous comparison of the 2050 trend (2050t) scenario, agriculture, 
deciduous forest, pasture/hay and urban were used as the classes for comparison of the 2050 
directed (2050d) growth scenario and the contemporary landscape. For all of the urban 
landscapes the agriculture class occupied the greatest percentage of landscape. The urban 
class occupied the second greatest amount of the landscape in the Ames, Fort Dodge, 
Marshalltown, and Webster City landscapes; third in the Boone landscape; and fourth in the 
Eldora landscape. The deciduous forest class was the second most abundant class in the 
Boone landscape; third in the Ames and Eldora landscapes; and fourth in the Fort Dodge, 
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Marshalltown and Webster City landscapes. There was no change in the relative rankings in 
comparison to the contemporary landscape. fu all cases there was an increase in the amount 
of the urban class with a corresponding decrease in other classes. The Ames urban area 
increased to represent 24.15 percent (5576 hectares) of the landscape; Boone 11.21 percent 
(1996 ha); Eldora 6.63 percent (580 ha); Fort Dodge 23.39 percent (4758 ha); Marshalltown 
17.91 percent (3110 ha); and Webster City 13.25 percent (1299 ha). Increases in the urban 
class in all urban landscapes were similar to the increases experienced in the 2050 trend 
(2050t) scenario (Tables 4.5 through 4.10). 
Zoning/planning scenario 
Landscape characteristics 
Zoning scenarios for the year 2050 (2050z) were created for 3 of the 6 urban areas. 
County planning documents were obtained for Marshall, Story and Webster counties; the 
three remaining counties had no countywide zoning plans at the time of this research. Ames, 
Fort Dodge and Marshalltown all had a slight decrease in the mean edge contrast compared to 
the 1991 base landscape. The amount of decrease was comparable to results obtained by the 
2050 trend (2050t) and 2050 directed (2050d) growth scenarios. The mean edge contrast for 
the Ames landscape had a decrease of approximately 7 meters per 100 meters of edge, which 
was similar to the 2050 directed (2050d) growth scenario. Fort Dodge and Marshalltown 
landscapes each experienced decreases of less than 3 meters per 100 meters of edge when 
compared to the 1991 base landscape. 
As in the previous trend and directed scenarios, agriculture was the largest patch 
within each of the landscapes. Again the overall number of patches within the Ames 
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landscape increased and decreased within the Fort Dodge and Marshalltown landscapes. The 
Mean patch size for the three calculated landscapes were comparable to the previously cal-
culated landscapes. All urban landscapes had a mean patch size of less than 5 hectares. The 
mean patch size for the Ames landscape had a decrease of less than one hectare when 
compared to the 1991 landscape. Fort Dodge and Marshalltown each had an increase of less 
than one when compared to the corresponding 1991 landscape. 
Class comparisons 
Agriculture represented the highest percentage of the total landscape, and urban the 
second highest within the three urban landscapes. Deciduous forest had the third highest per-
centage of the landscape and pasture/hay the fourth in the Ames landscape; with the pasture 
class third and deciduous forest class fourth in the Fort Dodge and Marshalltown landscapes. 
As in the 2050 trend (2050t) and 2050 directed (2050d) scenarios the order of the percent 
landscape rankings had no change. The increased urban area resulted in the greatest shift in 
land cover within the agriculture class. The Ames urban area increased to represent 24.09 
percent (5564 hectares) of the landscape; Fort Dodge 23.26 percent (4731 ha); and 
Marshalltown 17.87 percent (3103 ha). Increases in the urban land cover class in each of the 
three landscapes were very similar to the increases in the previous 2050 scenarios (Tables 4.5 
through 4.10). 
Conservation scenario 
Landscape characteristics 
Application of the 2050 conservation scenario (2050c) within the urban growth model 
results yielded similar to the previous three scenarios. Mean edge contrast in the Ames 
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landscape decreased by almost 8 meters per 100 meters of edge. Other urban areas had 
decreases of approximately 3 meters per 100 meters of edge when compared to the base 
scenario. Agriculture remained the largest patch type in all of the urban landscapes. The 
number of patches increased within the Ames landscape and decreased in all other urban 
areas for the 2050 conservation scenario. Patch increases or decreases were similar to 
increases or decreases for each urban landscape in the other 2050 scenarios. All urban study 
areas had a mean patch size of less the 5 hectares. 
Class comparisons 
Within all urban landscapes, agriculture was the most abundant vegetation class with 
more than 50 percent of the landscape being comprised of this class. The urban class was the 
second most abundant class within the Ames, Fort Dodge, Marshalltown and Webster City 
landscapes; third in the Boone landscape; and fourth in the Eldora landscape. Deciduous 
forest was the second most abundant landscape in the Boone landscape; third in the Ames 
and Eldora landscapes; and fourth in the Fort Dodge, Marshalltown, and Webster City 
landscapes. The pasture/hay class was the second most abundant class in the Eldora land-
scape; third in the Fort Dodge, Marshalltown and Webster City landscapes; and fourth in the 
Ames and Boone landscapes. 
In all landscapes the urban class increased and resulted in reductions in the amount of 
other classes within the landscape. The Ames area increased to represent 24.03 percent (5549 
hectares) of the landscape; Boone 11.22 percent (1997 ha); Eldora 6.53 percent (570 ha); Fort 
Dodge 23.12 percent (4703 ha); Marshalltown 17.85 percent (3098 ha); and Webster City 
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13.09 percent (1284 ha). Increases in the urban class in all urban landscapes were similar to 
the increases experienced in the other 2050 scenarios (Tables 4.5 to 4.10). 
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CHAPTER 5. DISCUSSION AND RECOMMENDATIONS 
Introduction 
The overall goal of this thesis was to examine a method for predicting and evaluating 
future urban growth and the potential impacts future growth may have on habitat within the 
six-county area of the Iowa Prairie Rivers RC&D. Landscape ecology concepts and indices 
were used to evaluate the impacts of landscape level habitat change. The discussion section 
of this chapter closely follows the objectives and hypotheses stated in Chapter 1. Four 
objectives were used to assist in addressing the three hypotheses. The four objectives were 
the following: 1) identify and compare the trends in past, contemporary and future habitat 
change within the landscape; 2) evaluate the effects that future urban development may have 
on existing natural areas; 3) utilize landscape ecology indices to characterize, compare and 
evaluate past, present and future landscapes; and 4) provide a method for quantifying the 
effect of land management decisions that directly and indirectly involve habitat within the 
landscape. 
Historic habitat loss and fragmentation 
The first hypothesis says that habitat loss and fragmentation in Iowa has occurred 
historically. To address this hypothesis, several key procedures were followed. Historic and 
contemporary landscapes were categorized according to major vegetation classes using a 
variety of data sources and a comparison of vegetation classes was made. Additionally, 
historic agricultural census records were used to describe other habitat changes within the 
landscape. 
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Historically the most noticeable change to Iowa's landscape was the transition from a 
landscape dominated by timber and prairies to a landscape dominated by agriculture. The 
transformation from one major vegetation class to another over the 150-year period is 
documented by such documents as the GLO surveys of the mid- l 800s and later by 
agricultural census records. The historical account by GLO Surveyors of dominant vegetation 
types such as timber, prairie, open water and wetlands provide a unique snapshot of Iowa's 
natural history. 
A comparison of GLO derived datasets with contemporary satellite imagery revealed 
some general differences between the mid- l 800s landscape and the contemporary landscape. 
One note of caution should be mentioned when comparing these two datasets. The spatial 
resolution of the GLO data and the EROS land cover data differ greatly. Timber, prairie and 
other vegetation types as documented by GLO surveyors were at a very coarse resolution. 
According to Miller (1995, p. 108) GLO surveyors documented vegetation along transects 
one mile apart. This is a significantly coarser resolution than the 30-meter pixel resolution of 
today's remotely sensed satellite imagery. A comparison of the vegetation classes of the GLO 
landscape and the contemporary landscape show two very different landscapes (Figure 4.4) 
The GLO landscape for the six-county area is comprised mostly of two vegetation classes 
when "timber" classes are aggregated to the NLCD forested class (Figure 4.4). It appears as if 
there was a complete conversion of over 800,000 hectare of prairie for an equal amount 
agriculture when the two data sets are compared. On outward appearances, this did happen 
but it was a process that happened early in Iowa's statehood and relatively rapidly prior to 
1900 (Bogue 1963). During this same time timber, or forested areas also underwent a rapid 
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transformation and decline. State of Iowa Agriculture Census records provided another piece 
of evidence as to how Iowa's landscape was modified. Over time, the Iowa landscape shifted 
from a system of grasslands maintained by periodic fires to an agrarian landscape influenced 
by the plow and markets. State of Iowa Agriculture Census records indicate that by 1900 
there was over 1,050,000 acres (424,922 hectares) of com, oats and tame hay being harvested 
in the six counties that comprise the Iowa Prairie Rivers RC&D (Figure 4.3). Larger areas of 
prairie were probably still present in the landscape past the tum of the century (1900), 
because over 94,500 acres (38,242 hectares) of wild hay was still being harvested and 
reported to State Agriculture Census officials. This figure declined rapidly in the years 
following (Figure 4.1). 
Timber and forested areas, the other major constituents of the GLO landscape, were 
also subjected to many human influences prior to 1900. Over 4,000,000 acres (1,618,749 
hectares) of Iowa's timber had been cut prior to 1900 due to coal mining, railroad 
construction and the transformation of forests and woodlands to pastures and farmland (Iowa 
Department of Natural Resources 2000, p. 22). Subsequent forest regeneration, fire 
suppression, grazing and the planting of new trees probably changed the composition and 
structure of what are now today's fore~ts. 
Landscape and class level indices derived from analyzing the GLO .and contemporary 
landscapes using FRAGSTATS provided a relative indicator of how much change has 
occurred to the landscape beyond the transition of vegetation types. Despite the limitations 
that must be recognized when comparing two landscapes represented by two radically 
different data resolutions some interesting conclusions can be drawn. Landscape and class 
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level indices indicate that the historic landscape was less fragmented, contained fewer but 
larger patches and had less edge with very little edge contrast. The contemporary landscape, 
however, contained thousands of patches of very small size, had much more edge and a much 
higher edge contrast (Table 4.1). At the class level, only'the forest (contemporary) and timber 
(historic) classes were compared. Comparison of these seemingly similar vegetation classes 
was precarious due to the human influences mentioned earlier. Mapping at a greater 
resolution, such as the 30-meter pixel resolution of the EROS land cover data, allows for 
natural vegetation patterns that are influenced by topographic gradients or moisture gradients 
to be mapped. The GLO dataset allowed only a peripheral view of the landscape as 
documented by GLO surveyors. This being said, it should be noted that less than half of the 
timber documented by GLO surveyor maps was present in the contemporary landscape. In 
addition, total core area of the deciduous forest class declined by more that 7 5 percent in all 
the urban landscapes modeled {Table 4.2). 
Various methods were used to document the replacement of large expanses of prairie 
by agriculture and the later slow elimination of smaller "wild hay" patches dispersed 
throughout the agricultural landscape. This research was not designed to look at specific 
influences that habitat change had on a particular species but to examine indicators that 
described the amount and degree of change. Comparison of historic and contemporary 
datasets along with other historic data records reveals the extent of this transformation and 
helps to document a base for other comparisons. 
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Urban growth and changes to habitat 
The second hypothesis stated that changes to habitat would continue with future 
development and increased urban growth. 
Treatment of this hypothesis involved two components. The first indirectly addressed 
historic urban growth and the second addressed future urban growth and the transition 
occurring in the urban-rural fringe and exurban areas. Historic records revealed general 
growth trends of all urban areas in the counties examined. Future growth was predicted using 
an urban growth model applied to a current map representing the landscape. Reductions in 
the amounts of habitat were then compared between the contemporary and future urban 
scenarios for each county. Widespread habitat modification from human activity in Iowa has 
occurred primarily in two forms. The first was the introduction of upland agriculture, the 
second through urbanization. Urban communities have had their own impact on habitat from 
1875 to 1999. 
A compilation of various historic and contemporary data sources, including maps, 
aerial photographs and satellite imagery, were used to calculate growth rates for built-up and 
urban areas throughout the six counties. Rates of growth for most areas within the six-county 
study area experienced growth rates of less than one hectare per year. This low rate of growth 
mirrors the historically low populations and low population growth evident in most non-
county seat towns in Iowa. Other areas such as Ames, Boone, Fort Dodge, Marshalltown and 
Webster City have experienced a higher rate of urban growth. Several reasons for this may 
exist. A city may have experienced higher growth due to the town being a county seat, its 
proximity to an operational railway line or because of healthy businesses and industry. Ames 
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had the highest average growth rate at 28.32 hectares per year followed by Marshalltown 
(16.28 ha/yr), Fort Dodge (15.60 ha/yr), Boone (8.09 ha/yr) and Webster City (4.68 ha/yr). 
The sixth urban area modeled was the Eldora area, which had an average growth rate of 1.78 
hectares per year (Figure 4.6 through 4.11). These are not phenomenal growth rates when 
compared to other Midwest urban areas or even larger Iowa cities, but each contributed to 
localized habitat modification over a long period of time. When thinking of the overall 
amount of habitat displaced or the transition from one vegetation class to another over a 124-
year period, the displacement can be quite significant. Modification at this magnitude not 
only impacts vegetation components of habitat but also hydrology, nutrient flows, and air 
quality. The exact transition from a particular vegetation class to urban is unknown because 
land cover and land use data for each year since 187 5 does not exist. 
Many of the cities within the study area are in close proximity to rivers; adjacent to 
many of the rivers are wooded upland and bottomland corridors, and wetlands (Figures 4.12 
through 4.17). Future impacts to these areas were evaluated using an urban growth model that 
allowed the input of historic and contemporary urban data, slope calculations, transportation 
networks, and areas that were excluded from development. Modeled future scenarios 
included an urban future developing under current growth rates (2050t), directed growth 
(2050d), growth according to zoning documents (2050z) and a conservations scenario 
(2050c). Non-urban class to urban class transitions occurred most often in areas in closest 
proximity to the central urban area or mass. This is partly due to model design and to 
calibrated data reflecting real-world situations. The UGM weights non-urban pixels adjacent 
to urbanized pixels as having a higher probability of being urbanized in comparison to a non-
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urban pixel adjacent to a non-urban pixel. This method mimics the real-world pattern of 
peripheral urban growth found in many cities. Likewise, road networks act as conduits for 
growth and steep slopes negatively influence the probability of growth (Project Gigalapolis 
1997). The row crop class had the highest transition to the urban class for the trend, 
directional and conservation scenarios in all six urban areas. Additionally, the row crop in the 
zoned scenarios of Ames, Fort Dodge and Marshalltown had the highest amount of transition 
to the urban class. The large amount of row crop transition in each case was due to the large 
proportion of this class within each landscape and its occupation of relatively flat upland 
areas, which are also considered for development by the model. The proximity of row crop 
areas to existing urban areas probably played a role in a higher rate of transition. 
Other habitat classes, such as pasture/hay and deciduous forest, experienced a 
transition to urban as well. In the four scenarios, within separate urban areas (except for the 
Boone and Marshalltown landscapes) the deciduous forest class and the pasture/hay class 
experienced very similar amounts of transition over the 50-year span to 2050 (Table 4.3). The 
percent of landscape for each of the. forest and pasture/hay classes was very similar to each 
other within their respective study areas at the base year. The percent landscape for deciduous 
forest and pasture/hay was within one percent of each other in all cases, except for the Boone 
and Marshalltown landscapes. In the Boone landscape, deciduous forest occupied 16.47 
percent of the base (1999) landscape, while pasture/hay occupied 8.62 percent. Within the 
Marshalltown area pasture/hay occupied a larger percentage of the landscape with 10.45 
percent followed by deciduous forest with 6.81 percent. 
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The Boone, Fort Dodge, and Marshalltown landscapes each differed in their response 
to future urban growth. This may have been due to the proportion of the landscape occupied 
by the deciduous forest and pasture/hay classes or the proximity a particular class had to the 
base urban areas or both. Deciduous forest (16.47 percent) in the Boone landscape occupied a 
higher percentage of the landscape compared to the pasture/hay class (8.62 percent), yet the 
transition from non-urban to urban for each the classes were very similar in area over the 
period to year 2050. This indicated that the two classes are probably fairly evenly distributed 
around the perimeter of the expanding urban areas. Within the Fort Dodge landscape, both 
the deciduous forest (8.19 percent) and pasture/hay (9.69 percent) classes occupied similar 
extents within the base year. Across all future scenarios for the Fort Dodge. landscape, an 
average of 317 hectares of deciduous forest was converted to urban when modeled to 2050. 
The proximity of deciduous forest to urban areas probably played a large role in the decline 
of this class over the modeling period. The Marshalltown landscape had a larger proportion 
of pasture/hay (10.45 percent) than deciduous forest (6.8 percent) at the base year of the 
model. Model runs of the various scenarios to the year 2050 produced an average transition 
of 114 hectares of deciduous forest to urban. This was higher than the average 40 hectares of 
pasture/hay that transitioned to urban during the same time. Again the proximity of the 
deciduous forest class to the urban mass probably influenced the differences observed. A 
larger transition of the pasture/hay class would have been expected from the pasture/hay class 
if that class was distributed evenly across the landscape. 
What can be inferred from this information is that with future urban growth, some 
transitions from non-urban habitat classes to urban will occur. The amount and classes that 
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will be transitioned depend upon such things as the proportion a particular class occupies 
within the landscape, the distribution of different classes around an urban area, and the 
proximity of a class to the urban area. Already scarce landscapes in close proximity to urban 
areas will be more vulnerable. While the concentration has been on the deciduous forest and 
pasture/hay classes it should be mentioned that the loss of row crop (agriculture class) areas 
also constitutes a loss of habitat within an area. Many species are known to utilize 
agricultural landscapes and are dependent on the type of crop and field practices (Rodenhouse 
and others 1993, Best and others 1995). 
Future landscapes and habitat change 
The third hypothesis is that knowledge of existing habitat and development patterns 
combined with future growth predictors can minimize future habitat loss and fragmentation. 
Four scenarios of future urban development were developed to address the third 
hypothesis of this research. The scenarios were applied in an urban growth model to simulate 
the effect of urban growth on current habitat. The previous section compared the 
contemporary landscape and the general changes that could occur with the current rate of 
growth for six communities within the Iowa Prairie Rivers RC&D. The four scenarios were 
used to test for differences in the influences future growth may have on habitat elements 
within the landscape. FRAGSTATS was used to calculate landscape and class indices for the 
trend (2050t), directional (2050d), zoning (2050z) and conservation (2050c) scenarios of each 
urban location. Table 4.4 shows a comparison of landscape level statistics for the four 
scenarios at each urban location. Scenarios were modeled using a variety of techniques from 
modifying the excluded development data layer (2050z and 2050c) to defining the probability 
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of a road acting as a conduit for urban growth (2050d). Examination of Table 4.4 reveals that 
most of the differences for each urban location are between the contemporary landscape and 
the future scenarios; and there were only slight differences between each of the future 
scenarios in an urban location. 
There are a number of reasons for the similarities among each of the future scenarios. 
One of the most influential components causing the similarities is the rate of growth 
attributed to each future scenario. In each of the four scenarios the same rate of growth was 
assumed to occur. The parameters controlling growth (Table 3.2) remained the same for each 
scenario. After the calibration phase each future scenario is generated with a set growth rate 
that determines the rate of pixel transition that will occur over a given interval of time. 
Similarities between each of the scenarios can also be attributed to the types of growth that 
can be modeled. One of the drawbacks is that the only condition a pixel may have is urban or 
non-urban. In real world situations an area may have varying degrees of population density 
that may have varying levels of impact on the landscape. Another limitation is the way in 
which growth occurs. In the case of the six urban areas modeled growth occurred somewhat 
evenly around the perimeter of the urban core (Figures 4.12 to 4.17). Actu.al growth does not 
occur evenly around the perimeter but more likely in blocks of land on the undeveloped 
perimeter. While the spatial accuracy of the predictions should be questioned the area that 
was transitioned was probably an accurate representation of the amount of land that could be 
transitioned at current growth rates. A discussion of each scenario follows. 
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Trend Scenario 
This scenario was the result of modeling a future landscape using only the calibrated 
values without modifying any of the base excluded or roads layers. This scenario represented 
the 2050 landscape for each urban location based on 1999 growth rates. Growth was directed 
immediately outward from the expanding urban area and along transportation routes. 
Because of the configuration of different habitat elements in the landscape some classes were 
influenced more due to their proximity to an expanding urban area. 
Directed Growth Scenario 
Directed growth was modeled in response to the need to develop scenarios that would 
influence growth away from the larger portions of non-crop and non-urban areas. In all cases 
this was accomplished by attributing existing roads with a higher probability of development 
in a general direction away from the larger tracts of deciduous forest and conservation areas. 
Roads closer to the larger tracts of deciduous forest received a lower probability of being 
developed. This layer of data was used in the UGM with the other data to simulate a 
probability of growth in a specific direction. This scenario differed from the Trend Scenario 
only slightly because the amount of influence that "road gravity" has on the outcome of a 
scenario is probably very small. 
Zoning Scenario 
Zoning scenarios were developed for the Ames, Fort Dodge and Marshalltown areas. 
At the time of this research county-planning documents only existed for Story, Marshall and 
Webster counties. Planning documents for each area were used to create a modified excluded 
· layer for use in the UGM. Differences between this scenario and the Trend Scenario were 
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also small due to the treatment of zoned areas in close proximity to the existing urban area. 
Most areas within close proximity to an urban area did not have a change in the probability of 
being excluded from development thus there were little differences in the indices measured 
for each scenario. 
Ames. Additional excluded development areas were modeled using the original 
excluded layer with values of 100 and the addition of critical resource information in the 
form of an Arc View shapefile, which was attributed with a 25 percent probability of not 
being developed. The critical resource information was obtained from the Story County 
Planning and Zoning office and was originally created by using a weighted overlay analysis 
of slope, soils, natural areas and rivers (Johnson 1998). This scenario would be expected to 
have a similar level of "protection" as the conservation scenario since areas that were 
identified as critical resource areas generally following a pattern that buffered rivers, areas of 
steep slope and existing conservation areas. 
Fort Dodge. County planning maps were digitized; then, values of the probability of 
development were interpreted from planning documents. Sections of the Webster County 
Comprehensive Plan of 1996 outline a variety of development zones throughout the county 
including areas within one-half mile of existing incorporated boundaries, along the Des 
Moines and three major tributaries, and areas surrounding Brushy Creek and Dolliver State 
Park (Webster County Planning and Zoning 1996, p 28). The above zoning descriptions 
received a zero value, while the original excluded areas retained a 100 percent probability of 
not being developed. Areas within the agricultural zone were given a value of 25 since there 
was an emphasis in the Webster County Comprehensive Plan on protecting incompatible 
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uses, maintaining minimum lot sizes, and prohibiting subdivisions within the agricultural 
zone (Webster County Planning and Zoning 1996, p 29). 
Marshalltown. Zoning and planning maps were obtained from the Marshall County 
Zoning Office. Planning maps had critical resource areas designated that corresponded to an 
Unclassified (U-1) designation on the Zoning Map of Marshall County (Marshall County 
Planning and Zoning 1999). 
Conservation Scenario 
The conservation scenario was designed to emulate the protection of conservation 
areas through the creation of "buffers" to minimize artificial edges and to protect non-
developed natural areas (Noss and other 1992, White and others 1997). This was modeled by 
con-structing an excluded layer for input to the UGM that included the original excluded 
layer present in the calibration and trend prediction but added a buffer around conservation 
areas, existing bodies of water and rivers. This was given a 33 percent chance of not being 
developed. The rationale behind selecting this simplistic treatment of conservation design 
was for one reason; modeling was limited by data resolution and how many pixels could 
realistically be manipulated in an image to represent a landscape unit (0.001 - 1.0 km2) or 
even landscape level planning and management (1.0 -100 km2) (Table 1.1). Using 
FRAGSTATS it was hoped that one of the parameters differentiating the various future 
scenarios would be a difference in edge contrast (Table 3.4). A difference in edge contrast 
between the future scenarios for an urban location was not observed. One of the reasons for 
the similarity in edge contrast was due to the way growth occurred within the model. Growth 
for all areas was fairly even along the perimeter of an urban area. While the total area 
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transitioned over the 50-year period was probably accurate, the actual spatial pattern that 
would occur is different because growth in any of the six cities will not probably not occur 
evenly around the perimeter. This influenced the amount of each class that would undergo 
change in the model. Classes in closest proximity to the urban area would be transitioned the 
most. Another factor in the similarities is the amount of agriculture present in each of the 
landscapes. Agriculture occupied the highest percentage of the landscape in each of the 
urban study areas modeled. This also influenced the initial and future edge contrast values 
because the contrast between agriculture and urb~n was low (Table 3.4). 
The boundaries of current conservation areas were added to the future urban growth 
maps. This was done to examine the relationship between an expanding urban area and the 
possibility of urban encroachment on existing conservation areas. All of the urban areas had 
at least one conservation area that was included within the model. No growth occurred 
within the conservation area, because of the excluded layer in the model, but in several cases 
growth occurred along the perimeter of the conservation area (Figures 4.12 to 4.17). This 
probably reflects actual conditions in the landscape as more of Iowa's rural landscape 
becomes developed. How this may impact an existing conservation area is purely speculative 
and dependent on the type of development and the density of a development. Although 
untested, Schonewald-Cox (1987) has suggested that the type of land use activity outside of 
the administrative boundary of a conservation area may influence the area differently 
depending on the "generated edge" that is present in human influenced landscapes. A 
generated edge passing through the administrative boundary could reduce the effective size of 
the conservation area while an undisturbed area outside of the boundary could make the area 
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larger. Using this model, private lands play an increasingly important role in fragmented 
landscapes such as Iowa. 
FUTURE RESEARCH 
Several aspects of this research could be carried forward and further explored. The 
urban growth model used for this research was a useful tool to examine the future con-
figurations an urbanizing landscape may take. Despite limitations in the model, because of 
the spatial patterning that resulted, the urban growth model was useful to show the amount of 
land, independent of pattern, which could undergo change in the future. This would be 
especially useful for watershed based planning or other land-unit based planning that sought 
to examine the effects of land use transition. An enhancement and a more q.etailed approach 
to modeling the future scenarios might bring out more useful comparisons between future 
landscape possibilities. This research focused on macro-scale configuration of the landscape 
and an enhancement of the micro-scale components or actions on the landscape might 
improve the modeling of future habitat in the landscape. On the other hand the landscape 
surrounding the urbanizing areas may be altered or fragmented to the extent that comparing 
future possibilities may not be possible at this resolution or with this method. 
One aspect of the urbanizing landscape that was not looked at directly using the urban 
growth model was the effect of low-density exurban growth on present day natural areas. A 
phenomenon that is occurring in Iowa is high amounts of rural exurban growth along many of 
the wooded river corridors. These areas may serve as magnets or attractors for low-density 
residential areas within a short driving distance from many of Central Iowa's communities. 
The impact of the "footprint" or areal extent of this development would be a useful parameter 
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to incorporate into this modeling process. Another addition to the modeling process might be 
to model different urban densities and their influences on the landscape. Additionally, further 
incorporation and a more in depth analysis of zoning or policy within the model would be 
useful for evaluating the effect of lands management decisions in the future. 
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